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FOREWORD 


The  MDTS  Program  provides  for  the  design, 
development,  qualification  and  production  of  eight 
engineering  development  models  of  a 12.6  Mb/s  strategic 
digital  tropo  modem  for  use  by  the  Defense  Communications 
Agency  (DCA)  on  its  worldwide  tropo  links.  The  project 
office  is  U.S.  Army  Communications  Systems  Agency  (USACSA) 
and  the  contracting  agency  in  USAECOM.  The  work  was 
performed  under  Contract  No.  DAAB07-74-C-0040  and  USAECOM 
Specification  EL-CP0144-0001B. 

The  prijne  contractor  is  GTE  Sylvania,  Inc.,  Needham, 
Massachusetts.  Signatron,  Inc.,  Lex  ing’toh,' Massachusetts , 
is  the  major  subcontractor  for  Systems  Engineering,  the 
Quadruple  Space  Diversity  Test  Simulator  (QSDTS ) , the 
Adaptive  Forward  Equalizer,  design  of  the  Time  Tracker,  and 
link  test  data  reduction  and  analysis. 

The  program  featured  a dual  diversity  breadboard 
system  to  demonstrate  technical  feasibility  and  included 
four  commercial  grade  audio  order  wire  units,  test  spares. 
Quadruple  Space  Diversity  Test  Simulator  (QSDTS), 
modification  to  existing  link  equipments  as  required  for 
installation  and  testing,  a forty-hour  training  program,  and 
extensive  data.  Factory  tests  included  in  the  requirements 
are:  Performance,  Environmental,  EMI,  Reliability, 

Maintainability  and  Human  Factors.  A 2000  hour  value 
engineering  program  was  also  completed. 

The  original  contract  required  both  CONUS  and  OCONUS 
link  testing.  The  CONUS  tests  were  conducted  at  the 
Youngstown  to  Verona,  New  York  test  link  operated  by  USAF, 
RADC , Rome,  N.Y.  The  OCONUS  tests  were  postponed  due  to  the 
unavailability  of  an  overseas  test  link.  However,  DCA  is 
presently  planning  to  conduct  a six  month  test  program  in 
Europe  commencing  approximately  January  1977. 


Additional  simulated  tests  were  performed  on  the 
dual  diversity  breadboard.  Under  separate  contract,  RADC 
with  GTE  Sylvania  support  conducted  a test  program  to 
measure  the  MDTS  performance  for  tactical  operations.  These 
tests  were  conducted  on  the  QSDTS  at  RADC.  This  same 
breadboard  was  also  tested  on  a troposcatter  link  from 
Tobyhanna,  Pa.  to  ECOM,  Ft.  Monmouth,  N.J.  using  the 
AN/GRC-1 43  radio  equipment. 


It  is  the  intent  of  this  report  to  summarize  the 
final  hardware  configuration,  delineate  the  Decision 
Feedback  Equalizer  function  which  is  the  technique  employed 
and  to  discuss  in  some  detail  the  results  of  the  various 
tests  that  were  performed. 
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SECTION  1 
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INTRODUCTION 


GENERAL 


When  the  use  of  troposcatter  communication  has  been 
required,  FDM/FM  analog  systems  have  provided  required 
channel  capacities  in  both  the  backbone  and  tail  links  of 
the  Defense  Communications  System  (DCS)  for  many  years. 

With  the  advent  of  digital  technology  and  its  many  inherent 
advantages,  innovative  techniques  have  emerged  to  enable  the 
conversion  of  analog  troposcatter  systems  to  digital 
operation.  One  of  these  techniques,  adaptive  equalization, 
can  effectively  counteract  the  multipath  perturbations  of 
the  troposcatter  medium.  This  was  the  technique  chosen  for 
implementation  in  the  Megabit  Digital  Troposcatter  Subsystem 
(MDTS)  . 


The  Megabit  Digital  Troposcatter  Subsystem,  commonly 
known  as  the  MDTS,  and  nomenclatured  the  MD-918/GRC,  (see 
Figure  1),  is  a Department  of  the  Army  effort,  in  support  of 
DCS  RDT&E  Task  14106,  to  develop  high-rate  digital 
troposcatter  equipment  to  convert  selected  DCS  analog 
troposcatter  links  to  digital  operation  and  meet  DCS 
performance  requirements.  One  of  the  prime  objectives  of 
the  program  is  to  avoid  requiring  new  RF  component 
developments  to  the  maximum  extent  possible  and  thus  permit 
the  upgrade  of  DCS  troposcatter  RF  equipment  with  currently 
available  commercial  grade  components  where  required.  To 
comply  with  this  and  other  program  objectives,  various 
requirements  were  imposed  on  the  development  of  the  MDTS. 

The  MDTS  is  required  to  operate  at  input  Mission  Bit  Streams 
(MBS)  of  N times  1.544  Mb/s  (the  basic  PCM  24-channel  rate) 
for  values  of  N equal  to  1,2, 4, 6 and  8 (1.544  Mb/s  to  12.56 
Mb/s)  . 

The  choice  of  Mission  Bit  Stream  rates  for  the  MDTS 
were  determined  primarily  on  the  basis  of  multiplexer 
equipment  availability  for  MDTS  testing  purposes.  Although 
the  prototype  MDTS  MBS  data  rates  are  not  compatible  with 
the  present  planned  DCS  digital  multiplex  hierarchy,  the 
DRAMA  family  of  multiplex  equipment  (TD-1192,  TD-1193), 
compatibility  can  easily  be  achieved  in  production  units 
without  development  risk  or  adverse  performance  impact.  DCS 
digital  troposcatter  link  performance  requirements  were 
under  development  during  this  effort;  however,  provisional 
performance  requirements  were  specified.  In  particular  MDTS 
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operation  for  MBS  rates  form  N equal  to  1,2, 4, 6 and  8 was 
required  over  paths  whose  lengths  range  from  under  100 
nautical  miles  up  to  250  nautical  miles.  The  MDTS  must 
operate  within  the  99-percent  power  bandwidth  constraints  of 
10  MHz  and  15  MHz  for  data  transmission  rates  of  6.3  Mb/s 
and  12.6  Mb/s,  respectively.  Test  data,  contained  in 
Sections  3 and  4 clearly  supports  the  spectrum  efficiency  of 
the  MDTS  technique  with  a transmission  efficiency  in  excess 
of  1 bit/hertz  achievable  with  the  prototype  models. 

Provisional  Bit  Error  Rates  (BER)  performance 
requirements  were  specified  in  time  availability  fashion  and 
shown  in  Table  1. 


TABLE  1.  MDTS  MAXIMUM  ERROR  RATE  SPECIFICATION 


All  Hours 

Path  Length  L 

Less  than 

100  N Miles  to 

200  N Miles  to 

Of  One  Year 

100  N Miles 

200  N Miles 

250  N Miles 

99.00% 

1 x 10-8 

1 x 10-7 

5 x 10-7 

99.90% 

1 x 10-7 

1 x 10-6 

5 x 10-6 

99.99% 

1 x 10-6 

1 x 10-5 

5 x IQ-5 

6.3  Mb/s  150<L<250  N Miles 


NOTE:  Maximum  Data  Rate  = 12.6  Mb/s  L<150  N Miles 

Other  requirements  imposed  are  the  integration  of  a 
quality  monitor  to  assess  the  performance  of  the  MDTS  on  an 
on-line  basis  and  a 64-kb/s  digital  service  channel  for  use 
as  an  engineering  channel.  Additionally,  the  MDTS  is 
required  to  electrically  interface  with  existing  DCS 
troposcatter  assets.  On  the  radio  side,  the  MDTS  is 
required  to  interface  with  the  AN/FRC-39A , AN/MRC-85, 
AN/MRC-11 3 , and  AN/TRC-1 3 2A . On  the  video  side  , the  MDTS 
is  required  to  interface  with  the  TD-968  PCM  multiplexer, 
the  VICOM  T family  of  digital  multiplexers,  and  the  Walburn 
(KG-81 ) Cryptographic  equipment  as  shown  in  Table  2 and 
Figures  2 through  5. 

To  fully  meet  the  requirements  of  the  DCS,  the  MDTS 
design  implemented  is  a quadruple-diversity  4-PSK 
modulator/demodulator.  An  adaptive  decision-feedback 
equalizer  designed  for  fading  channel  application  is  used  to 
combat  the  troposcatter  multipath  effects.  A summary  of 
MDTS  characteristics  is  given  in  Figure  6.  Additionally, 
the  MDTS  has  demonstrated  compatibility  with  the 
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TABLE  2.  MDTS  MODEM  THROUGHPUT  DATA  RATES  IN  MB/S 


EACH  MUX  CONFIGURATION  MAY  INCLUDE  A WALBURN  UNIT 


Figure  3.  Multiplexer  Configuration  B (48  PCM  Voice  Channels) 


MULTIPLEXER  CONFIGURATION  D ('FOR  8-TI  CHANNELS) 
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Figure  6.  MDTS  Characteristics 


External  Clock 


Frequency  - 5 MHz 

Level  - 0 dBm  into  50  ohms 

Stability  - 1 X 10-8  (long  term)  minimum 

IF  Inputs  (up  to  4 ) 

Frequency  - 70  MHz 

Level  (input)  - -70  to  -20  dBm  into  50  ohms 
IF  Outputs  ( two ) 

Frequency  - 70  MHz 

Output  level  - 0 to  17  dBm  into  50  ohms 

Power  band  width  - 99%  transmitted  power  in  a 10  or  15  MHz 

BW  depending  on  data  rate 

Mission  Bit  Stream  (MBS)  / Timing  Inputs 

Input  Modes: 

Serial  - 1 MBS  and  clock  supplied 

Serial  - 1 MBS  and  clock  derived  from  MBS 

Parallel  - 2 input  MBS's  and  2 clocks  supplied 

Parallel  - 2 input  MBS's  and  one  common  clock  derived 

Parallel  - 2 input  MBS's  and  clock  derived  from  input 

MBS's 

Input  MBS/Timing  Rates: 

Serial  Mode  - 1.544  Mb/s,  6.276  Mb/s, 

9.414  Mb/s,  12.552  Mb/s 
Parallel  Mode  - 1.544  Mb/s  or  6.276  Mb/s 

each  MBS/timing  input 

MBS/Timing  Interface  Specifications: 

Format  - NRZ,  balanced  input 
Impedence  - 78  ohms  nominal 
Level  - + 0.5  to  + 3.0  volts 

MBS/Timing  Relationship  - Strap  selectable  to  establish  mid 

bit  sampling  of  data  regardless 
input  clock/data  relationship  in 
either  serial  or  parallel  modes 
when  clock  is  supplied  with  data. 
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Figure  6.  MDTS  Characteristics  (Cont) 


Service  Channel  Bit  Stream  (SCBS)  / Timing  Inputs 
SCBS/Timing  Rate  - 64  kb/s 

SCBS/Timing  Interface  - MIL-STD-188C,  + 6 volts  single  ended. 
SCBS/Timing  Relationship  - SCBS  input  should  transition  on 

the  positive  going  edge  of  the 
supplied  clock. 

Receive  Mission  Bit  Stream  (MBS)  / Timing  Outputs 


Output  Modes: 

Serial  - 1 MBS  and  timing  output  supplied 
Parallel  - 2 MBS's  and  2 timing  outputs  supplied 

Output  MBS/Timing  Rates: 

Serial  Mode  - 1.544  Mb/s,  6.276  Mb/s, 

9.414  Mb/s,  12.552  Mb/s 
Parallel  Mode  - 1.544  Mb/s  or  6.276  Mb/s 

each  of  2 data/timing  outputs 

MBS/Timing  Interface  Specifications: 

Format  - NRZ , balanced  output 
Impedence  - 78  ohms  nominal 
Level  - +3.0  volts 

Service  Channel  Bit  Stream  (SCBS)  / Timing  Outputs 
SCBS/Timing  Rate  - 64  kb/s 

SCBS/Timing  Interface  - MIL-STD- 188C , + 6 volts  single  ended. 
SCBS/Timing  Relationship  - Output  SCBS  transitions  on 

positive  edge  of  output  clock. 


Transmit  Timing  Outputs  (3) 

Frequency  - 1.544  MHz,  3.088  MHz,  6.276  MHz,  9.414  MHz,  12.552  MHz 
Duty  Cycle  - 50% 

Output  Impedence  - nominal  78  ohms,  balanced  output 
Level  - + 3.0  volts 

Remote  Performance  Monitor  Outputs 

Multi-pin  connector  to  monitor  alarms,  received  S/N  ratio, 

AGC  and  BER  (see  Table  2 for  details) . 

Modulation 


4 PSK  with  differential  encoding 
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Figure  6. 


MDTS  Characteristics  (Cont) 


Diversity  Combining 

Pre-detection,  maximal  ratio  equivalent 
Demodulation 

Coherent  with  differential  encoding/decoding 
Equalization 

Adaptive,  decision  directed  feedback 


BITE 

On-line  and  off-line  built-in  test  equipment  (BITE)  provided 


Size 


24"  W X 27"  D X 72"  H (68"  W/0  base) 


Weight 

470  lb 

Input  Voltage 

120  + 10%  VAC  1 4> , 47-63  Hz,  6.6  amp 
Input  Power  (nominal) 

800  VA,  600  watts 
Power  Factor  (nominal)  ' 

0.75  lagging 


11 


AN/GSC-24 (V)  time  division  multiplexer  and  the  Walburn 
equipment  in  an  operation  configuration. 

Program  Description 

The  MDTS  Program  was  organized  into  six  distinct 
phases,  namely:  system  analysis,  detailed  hardware  design, 

breadboard,  build  and  checkout  of  eight  development  models, 
factory  tests,  and  CONUS  field  tests.  In  addition,  special 
test  equipment  was  built  to  support  checkout  and  test  of  the 
modems.  One  Quadruple  Space  Diversity  Test  Simulator 
(QSDTS)  was  delivered  as  a contract  end  item.  Four  64-kb/s 
Continuous  Variable  Slope  Delta  (CVSD)  modulation  voice  to 
digital  converters  were  built  for  use  with  the  modem  service 
channel.  A 39  item  data  package  was  supplied.  The  data 
items  are  listed  in  Figure  7. 

As  part  of  the  GTE  Sylvania/Signatron  proposal,  a 
significant  amount  of  in  depth  analysis  was  presented  to 
show  that  the  adaptive  decision-feedback  equalizer  was  a 
viable  approach  to  providing  an  efficient  digital 
troposcatter  capability  at  digital  rates  up  to  12.6  Mb/s. 

The  system  engineering  phase  of  this  program  was  devoted  to 
refining  and  expanding  this  analysis  and  determining  various 
subsystem  parameters  such  as  loop  gains,  signal  levels,  and 
loop  time  constants  to  provide  the  best  possible  operation 
within  the  confines  of  a reasonable  implementation 
complexity. 

The  detailed  hardware  design  was  initially 
implemented  in  a dual  diversity  breadboard  which  was 
utilized  to  verify  the  performance  over  a simulated  fading 
channel  using  the  QSDTS  and  to  verify  the  accuracy  of  the 
hardware  design.  Releases  for  P.C.  card  layouts  were  made 
as  soon  as  the  verification  was  complete.  Subsequently, 
eight  development  models  were  built  and  tested. 


The  MDTS  was  designed  to  operate  in  a quad  diversity 
link  configuration.  The  simulated  performance  data  which 
was  collected  at  GTE  Sylvania  proved  that  the  technique  was 
not  only  feasible  but  was  providing  the  required 
performance.  This  was  determined  by  extending  the  results 
at  dual  diversity  to  quad  diversity.  Additionally,  as  part 
of  a test  and  evaluation  program  for  tactical  communications 
by  the  USAF,  the  MDTS  breadboard  was  sent  to  RADC  for 
evaluation  with  the  QSDTS  under  TRI-TAC  sponsorship.  These 
tests  were  conducted  with  interest  in  lower  data  rates 
(approximately  2.5  Mb/s  maximum)  and  performance  under 
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Figure  7.  Data  Items  List 


non-diversity  conditions.  During  the  tests  at  RADC , it  was 
noticed  for  the  first  time  that  non-diversity  operation 
performance  was  less  than  desirable.  (Non-diversity 
operation  was  not  an  MDTS  program  requirement  since 
non-diversity  operation  is  not  the  normal  approach  for  DCS 
planned  configurations.  Minimum  BER  performance  at  high  S/N 
ratios  was  found  to  be  higher  than  theoretically  predicted 
and  a function  of  doppler  spread.  Further  investigation 
revealed  that  the  observed  non-diversity  performance 
resulted  from  insufficient  dynamic  range  and  non-optimum 
loop  time  constants  within  the  breadboard.  Changes  were 
made  in  the  breadboard  to  correct  these  deficiencies  and 
subsequent  retesting  indicated  non-diversity  BER  performance 
improved  orders  of  magnitude  to  levels  which  were  more  than 
acceptable  for  link  operation. 

Section  6 is  a detailed  description  of  the  modem 
hardware.  At  the  present  time,  GTE  Sylvania  and  Signatron 
are  implementing  changes  into  four  of  the  eight  development 
models  to  eliminate  the  conditions  just  described.  This  is 
being  done  so  that  the  modem  can  also  be  used  on  a strategic 
dual  diversity  configuration  for  Parallel  Transmission  with 
the  assurance  of  acceptable  non-diversity  operation  when  one 
channel  has  failed.  The  changes  are  briefly  described  in 
Section  7. 

The  MDTS  test  program  consisted  of  factory  tests  and 
field  tests.  The  field  tests  were  to  be  both  CONUS  and 
OCONUS.  The  OCONUS  tests  were  not  performed  as  scheduled 
due  to  the  unavailability  of  a DCS  troposcatter  link. 
However,  planning  is  underway  at  the  present  time  to  conduct 
tests  in  Europe  in  early  1977  with  the  models  which  are 
being  modified  to  improve  low  order  diversity  operation. 

The  factory  test  portion  of  the  program  consisted  of 
the  following: 

• Extensive  performance  tests  using  the  QSDTS 

• Power  Determination 

• EMI 

• Environmental 

Altitude 

Low  Temperature 

High  Temperature 

Humidity 

Sand  and  Dust 

Shock  (in  shipping  container) 

Vibration  (in  shipping  container) 
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Bench  Handling 
Fungus  (samples  only) 

• Human  Engineering  Demonstration 

• Maintainability  Demonstration 

• Reliability  Demonstration  (all  modems) 

• Acceptance  Test  (all  modems) 

The  results  of  these  tests  are  summarized  in  Section  5. 


A three  month  field  test  was  conducted  during  the 
winter  months  over  the  Youngstown  to  Verona,  N.  Y.  test 
range.  The  higher  data  rates,  6.3,  9.4,  and  12.6  Mb/s  were 
tested  on  the  AN/TRC-132A  radio.  The  AN/MRC-98  was  used  for 
tests  at  3.1  and  6.3  Mb/s.  Tests  were  not  run  at  1.5  Mb/s. 
The  results  of  the  test  program  are  summarized  in  Section  3. 


A test  program  whi 
MDTS  program  was  conducted 
USAECOM  to  verify  and  demo 
interface  with  the  AN/GRC- 
at  higher  data  rates  than 
performance  improvement. 
Tobyhanna,  Pa. , and  the  re 
Monmouth,  N.  J.  The  MDTS 
cards  from  the  development 
used  for  the  demodulator, 
is  included  in  Appendix  A. 


ch  was  not  part  of  the  original 
by  USAECOM.  It  was  desirable  for 
nstrate  that  the  MDTS  could 
143  troposcatter  radio  and  operate 
are  now  used  and  with  significant 
The  transmitter  was  located  at 
ceiver  was  located  at  USAECOM,  Ft. 
modulator  was  made  up  of  spare 
model  spares.  The  breadboard  was 
The  results  of  this  test  series 


An  initial  system  test  of  the  AN/MRC-98,  MDS  modem, 
AN/GSC-24  time  division  multiplexer  and  TD-968  PCM/TDM 
multiplexer  was  performed  over  the  Youngstown  to  Verona, 

N.  Y.  test  link  by  USAECOM,  RADC  and  Defense  Communication 
Engineering  Center  (DCEC)  personnel  with  assistance  from  GTE 
Sylvania.  The  test  conclusively  verified  the  basic  system 
compatibility  of  the  MDTS  modem  and  implementation  with  a 
digital  transmission  system  functionally  equivalent  to  that 
used  in  the  terrestial  and  satellite  subsystems  of  DCS.  The 
results  of  this  test  will  be  summarized  in  a separate  DCEC 
report. 

Schedule 

The  MDTS  Program  Schedule  is  shown  in  Figure  8. 

Also  shown  are  anticipated  dates  for  initiation  and 
completion  of  follow-on  work.  The  performance/cost  studies 
shown  in  the  last  entry  include: 
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a.  Reduced  environmental  requirements 

b.  Component  usage  evaluation 

c.  25,  50  and  100  thousand  hour  MTBO  requirements 

d.  BITE  effectiveness. 


These  will  not  be  started  until  the  modification  program  has 
been  completed.  The  basic  program  was  31  months  long.  The 
total  program  now  planned  is  about  43  n 
milestones  are: 


Award 

QSDTS  Acceptance  Complete 
Breadboard  Checkout  Complete 
RADC  Simulated  Test  Complete 
Build  Development  Models  Complete 
CONUS  Test  Complete 
USAECOM  Link  Test  Complete 
Factory  Test  Complete 
MDTS/QSDTS  Modifications  Complete 
OCONUS  Test  Begins 
OCONUS  Test  Complete 
Performance/Cost  Studies  Complete 


ths . 

Key 

Nov . 

73 

Aug  . 

74 

Jan . 

75 

June 

75 

Sep. 

75 

Mar  . 

76 

Apr . 

76 

June 

76 

Aug  . 

76 

Jan . 

77 

July 

77 

Apr  . 

77 

Data 

The  MDTS  program  required  39  data  items  which  are 
listed  in  Figure  7,  with  the  date  of  initial  submittal  and 
approval  completed.  Items  marked  (*)  have  not  been 
submitted  and  the  dates  supplied  are  approximations. 


• Equipment  Status 

As  of  1 July  1976,  six  of  the  modems  are  at  GTE 
Sylvania.  During  July  through  September,  four  of  these 
modems  will  be  modified  to  improve  performance  on  dual 
diversity  and  non-diversity  channels.  Present  planning  is 
that  the  four  modified  modems  will  be  shipped  to  test  sites 
somewhere  in  Europe  toward  the  end  of  1976  for  a six  month 
system  test  program  under  combined  DCA  and  NATO  sponsorship. 

The  two  modems  that  were  used  on  the  Youngstown  to 
Verona  N.Y.  (CONUS)  tests  are  still  on-site.  They  will  be 
used  for  test  and  demonstration  purposes  and  will  eventually 
be  returned  to  GTE  Sylvania  for  a final  inspection.  The 
final  disposition  of  the  four  unmodified  modems  is  pending 
at  this  time. 
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The  QSDTS  is  presently  undergoing  a modification  to 
include  a simulation  of  an  aircraft  flying  through  the 
common  volume.  This  modification  will  be  completed  early  in 
August  1976. 

Modem  Description 

Modulator 

Figure  9 is  a functional  level  block  diagram  of  the 
modulator.  The  transmit  data  mux  and  transmit  timing  serve 
to  synchronize  the  incoming  data  to  the  stable 
(approximately  10-8  and  10-9)  station  reference.  The  modem 
will  operate  from  either  one  or  two  parallel  non-synchronous 
data  sources.  If  clocks  are  not  available  from  the  time 
division  multiplexer  they  are  generated  from  the  data.  The 
framing  bits  are  generated  from  an  m=6  pseudo-random 
sequence.  All  timing  synchronization  is  accomplished  by 
means  of  type  two  PLL's  (phase-locked  loops)  locked  to  the 
5 -MHz  station  clock.  Data  rate  changes  are  easily 
accomplished  by  changing  pluggable  VCXO  units  and  moving 
straps  in  the  digital  feedback  frequency  dividers. 


The  mod 
4-PSK  modulator 
converted  to  70 
loopback  signal 
maintenance  and 


ulator  is  a simple  differentially  encoded 
utilizing  the  5-MHz  station  clock  up 
MHz.  This  card  also  provides  a switchable 
to  the  demodulation  baseband  converter  for 
test  purposes. 


The  70  MHz  spectrum  controller  and 
two  0 to  50  mV  (adjustable)  outputs  to  the 
exciter  and  limits  99  percent  of  the  power 
either  10  or  15  MHz.  Bandwidth  is  changed 


driver  provides 
transmitter 
to  a bandwidth  of 
by  means  of  a 


pluggable  two  pole  Butterworth  filter.  This  card  also 
provides  four  controlled-level  loopback  signals  to  the 
demodulator  AGC  IF  Amplifiers  for  operation  verification. 


Demodulator 


The 

Figure  10. 
signals  from 
to  the  adapt 
such  a manne 
the  stronges 
ampl  i f ier  s . 
card.  Bandw 
2-pole  Butte 
each  data  ra 


block  diagram  of  the  demodulator  is  shown  in 
Four  AGC  IF  Amplifiers  accept  receiver  output 
-70  to  -20  dBm  and  provide  a -10  +1  dBm  signal 
ive  forward  filter.  These  amplifiers  operate  in 
r that  the  largest  AGC  voltage  (receiver  with 
t signal)  always  controls  the  other  three 
Each  AGC  Amplifier  is  on  one 
idth  limiting  is  accomplished 
rworth  Filter.  These  filters 
te  change. 


printed  circuit 
by  a pluggable 
are  changed  for 
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Figure  9.  MDTS  Modulator  Block  Diagram 


Figure  10.  MDTS  Demodulator  Block  Diagram 


The  adaptive  forward  filter  is  a three-tap 
multichannel  transversal  filter  operating  at  70  MHz.  The 
tap  spacing  is  one-half  a symbol  interval.  The  function  of 
this  filter  is  to  diversity-combine,  remove  Doppler  effects, 
and  eliminate  future  digit  inter-symbol  interference.  The 
filter  utilizes  quartz  acoustic  surface  wave  delay  lines. 

The  transversal  filter  weights  are  generated  by  correlation 
of  the  IF  signals  with  a decision-directed  error  signal. 

The  signals  on  the  side  taps  of  the  three-tap  transversal 
filter  are  used  to  form  a discriminator  char acter ist ic  for 
determining  and  tracking  the  symbol  epoch.  The  adaptive 
forward  filter  is  made  up  of  19  printed  circuit  cards  - one 
input/fixed  delay  card  per  channel,  three  identical  tap 
multiplier  cards  per  channel,  one  tapped  delay  line,  an 
error  detector  and  an  error  amplifier  card. 

The  baseband  converter  functions  as  the  inverse  of 
the  4-PSK  modulator;  that  is,  it  mixes  the  equalized  input 
70-MHz  signal  with  the  70-MHz  reference.  The  output  of  the 
converter  provides  both  the  In-phase  (I)  and  Quadrature  (Q) 
channels.  Each  signal  is  passed  through  a finite  integrator 
and  detector.  The  I and  Q channels  are  maintained 
separately  up  to  the  data  demultiplex  operation. 

The  backward  filter  is  a transversal  filter  having 
up  to  five  taps  spaced  at  the  symbol  interval.  This  filter 
removes  past  digit  inter-symbol  interference.  The  backward 
filter  weights  are  generated  by  correlation  of  delayed  data 
with  the  decision-directed  error  signal.  The  backward 
filter,  digitally  implemented,  consists  of  two  control  cards 
and  from  one  to  five  identical  tap  cards.  During  the 
simulated  link  and  field  test  portions  of  the  program  only  3 
of  the  5 taps  were  used  since  this  number  of  taps  was  found 
to  be  adequate  for  the  test  situations  encountered. 

The  two  data  demultiplex  and  frame  synchronization 
cards  provide  frame  synchronization  for  extraction  of  the 
two  Mission  Bit  Streams,  the  Service  Channel  Bit  Stream,  and 
framing  data.  The  video  interface  co-located  with  the 
modulator  video  interface  provides  the  transition  from  TTL 
levels  of  +0.5  to  +3.0  volts,  78  ohms  balanced  line  for 
interfacing  with  the  external  mux  units.  Order  wire  data 
interfaces  directly  to  MI L-STD-1 88C . 

BITE 

Minimum  down  time  is  a major  requirement  of  the  MDTS 
modem.  For  this  reason,  the  MDTS  is  designed  with  high 
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reliability  parts  and  extensive  built-in  test  equipment 
(BITE).  The  Operational/Test  panel  is  almost  totally 
devoted  to  BITE  and  performance  monitoring.  Receiver  power 
is  continuously  monitored  as  a function  of  the  AGC  voltage; 
both  the  bus  voltage  (which  is  always  the  strongest  signal) 
and  the  individual  channel  levels  can  be  monitored. 

The  BER  indicator  provides  a single  digit  indicator 
which  is  the  BER  in  the  form  of  10-x,  where  x is  1 through 
9.  The  BER  is  determined  bylong-term  averaging  of  errors  in 
the  14-Kb/s  sync  sequence.  The  averaging  time  is 
switch-selected  between  20  seconds  or  5 minutes. 


In  addition  to  these  monitors,  there  are  three 
levels  of  EITE:  on-line  BITE,  off-line  BITE,  and  test  point 

verification.  On-line  BITE  consists  of  continuously 
scanning  the  fault  monitors  built  into  each  card.  For  many 
failures,  on-line  BITE  will  isolate  the  fault  to  a single 
card  and  the  only  down  time  required  will  be  the  time  to 
change  the  card.  Further  analysis  of  modem  operation  can  be 
made  by  placing  the  modem  in  the  test  mode  and  manually 
selecting  11  tests  in  the  off-line  BITE  mode.  Each  test, 
when  initiated,  automatically  runs  through  a complete  cycle 
and  indicates  the  faulty  card  by  number,  if  indeed  a fault 
is  detected.  The  select  switch  causes  the  modem  to  loop 
back  upon  itself  at  various  stages  and  pre-selects  the 
required  known  input  stimulus  and  output  comparator. 

Power  Subsystem 


The  MDTS  Circuits  require 
Each  of  these  voltages  is  provided 
modular  power  supply.  Each  supply  ha 
protection,  over-voltage  protection, 
Automatic  monitors,  both  high  and 
on  each  DC  voltage  plus  the  line 
is  also  provided. 
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Physical  Characteristics 

The  MDTS  modem  shown  in  Figure  1 is  70  inches  high 
with  the  base,  27  inches  deep,  and  24  inches  wide.  For 
shelter-mounting  the  4-inch  base  is  removed.  Replaceable 
circuit  cards  are  accessed  from  the  front  of  the  card  nest. 
All  other  replaceable  circuit  assemblies  can  be  accessed 
from  the  front  of  the  unit  with  the  card  nest  pulled  out  and 
in  the  open  position.  All  interface  cabling  is  made  at  the 
top.  Air  enters  the  lower  front  of  the  cabinet  and  exhausts 
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through  the  top.  Sides  and  back  are  designed  for  flush 
mounting.  The  complete  rack  weighs  470  pounds.  It  operates 
from  a 47  to  63  Hz,  120  + 10  percent  VAC,  Iff,  6.6  amp  prime 
power  source.  All  circuitry  is  on  printed  circuit  cards  6 
by  10  inches. 

Environmental  Characteristics 

The  equipment  operates  over  a temperature  range  of 
-25  degrees  F to  +125  degrees  F,  15,000  feet  altitude,  and 
meets  the  requirements  for  fungus,  sand  and  dust,  and  shock 
and  vibration  consistent  with  normal  military  shipping 
requirements.  The  equipment  also  meets  the  Electromagnetic 
Interference  requirements  of  MIL-STD-461  for  modems. 

Ancillary  Equipment 

The  MDTS  program  provided  for  the  development  of 
special  test  equipment  required  to  demonstrate  performance 
both  in  the  laboratory  and  for  field  tests.  To  this  end  the 
following  four  test  equipments  were  developed. 


a. 


b. 


The  Quadruple  Space  Diversity  Test  Simulator 
( QSDTS ) is  a channel  simulator  which  can  be 
accurately  set  to  simulate  a large  range  of 
troposcatter  propagation  paths.  The  device 
operates  at  IF  (70  MHz)  and  provides  up  to 
four  independent  paths  with 
sixteen  tap  delayed  gains, 
made  for  additive  noise  and 
well  as  frequency  selective 
detailed  description  of  the 
Appendix  B. 


each  having 
Provisions  are 
flat  fading  as 
fading.  A more 
QSDTS  is  given  in 


The  Audio  Order  Wire  Unit  provides  an 
analog-to-digital  conversion  for  technical 
control  voice  communication  for  transmission 
over  the  64  Kb/s  order  wire  line  provided  in 
the  MDTS.  This  device  is  configured  so  that 
it  can  be  used  at  the  end  of  a link  or  can  be 
interspersed  in  a relay  station  for  receiving 
or  transmitting  order  wire  voice 
communications  in  either  direction. 


c.  The  Source  Data  Simulator  is  a combination 
pseudo-random  data  generator  and  correlator 
used  to  provide  test  digital  data  streams  at 
the  transmitting  MDTS  video  interface  and  to 
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provide  error  pulses  at  the  receiving  MDTS 
video  interface.  The  unit  will  provide  two 
high  data  rate  pseudo-random  data  streams  and 
one  64  Kb/s  pseudo-random  data  stream  to 
simulate  either  serial  or  parallel  inputs  to 
the  MDTS  and  operate  the  64  Kb/s  order  wire 
channel . 

d.  The  Static  Channel  Simulator  is  a power 

splitter  with  separate  attenuators  in  each  of 
four  outputs.  These  provide  a means  to 
externally  loop  the  modem  in  a back-to-back 
mode  for  static  channel  tests. 
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SECTION  2 


MDTS  THEORY  OF  OPERATION 


GENERAL 

The  MDTS  modem  is  capable  of  operating  at  nominal 
data  rates  of  1.5,  3.1,  6.3,  9.4,  and  12.6  Mb/s.  Previous 
digital  troposcatter  modem  prototypes  have  been  limited  to 
less  than  3 Mb/s  before  the  MDTS  modem  develpment  began.  The 
successful  implementation  of  an  engineering  development 
model  of  a troposcatter  modem  at  greater  than  4 times 
previous  achievable  data  rates  was  made  possible  by  a 
decision-feedback  equalization  technique  [1].  This  technique 
uses  adaptive  tapped-delay-1 ine  (TDL)  filters  for  each 
diversity  branch  and  an  adaptive  TDL  filter  which  processes 
the  modem  decisions.  The  diversity  TDL  filters  are  called 
forward  filters  and  their  action  is  to  combine  the  diversity 
channels  and  eliminate  intersymbol  interference  under  fading 
channel  conditions.  The  adaptive  TDL  filter  which  processes 
decisions  is  called  a backward  filter  and  its  action  is  to 
eliminate  intersymbol  interference  from  past  ^decisions.  The 
forward  filters  thus  need  only  eliminate  intersymbol 
interference  from  decisions  not  yet  made,  i.e.,  future 
decisions. 

This  equalization  capability  allows  the  MDTS  modem 
to  operate  when  the  width  of  the  multipath  profile  of  the 
channel  is  significantly  greater  than  the  transmitted  symbol 
duration.  Since  DCS  troposcatter  systems  can  be  expected  to 
have  multipath  profiles  with  widths  on  the  order  of  100  to 
500  nanoseconds,  and  require  data  rates  on  the  order  of  6 to 
9 Mb/s,  it  is  clear  why  special  techniques  are  required.  In 
addition  to  protection  from  multipath  induced  intersymbol 
interference,  an  adaptive  decision-feedback  equalizer  will 
coherently  recombine  the  desired  signal  from  each  of  the 
multipath  channel  components.  Because  each  delayed  path  in 
the  fading  channel  structure  is  decorrelated  from  the  other 
paths,  a fade  in  one  path  will  not  produce  an  outage.  Each 
multipath  component  can  be  thought  of  as  a separate 
diversity  channel  with  som«  correlation  between  channels. 
Since  most  of  the  diversity  gain  is  realized  even  when  the 
normalized  correlation  coefficient  between  branches  is  on 
the  order  of  0.5,  coherent  recombining  of  the  fading 
multipath  components  increases  the  effective  diversity 
order.  Thus  the  decision-feedback  equalizer  provides  an 


25 


implicit  diversity  gain 
diversity  gain  provided 
additional  frequencies, 
f eedhor ns . 

Adaptation  of  the  decision-feedback  equalizer  is 
accomplished  by  deriving  a common  error  signal  from  the 
modem  decisions.  The  error  signal  is  the  difference  between 
the  modem  decision  and  the  sample  upon  which  the  decision 
was  made.  This  one  error  signal  is  used  to  adapt  the  TDL 
weights  in  both  the  forward  and  backward  filters.  Channel 
rms  Doppler  spreads  of  up  to  10  Hz  and  specular  Doppler 
offsets  arising  from  aircraft  reflections  of  up  to  150  Hz 
can  be  accommodated  by  the  adaptation  algorithm. 

The  MDTS  modem  uses  differentially  encoded  4 PSK  as 
the  modulation  format.  The  99  percent  power  bandwidth  is 
less  than  15  MHz  for  12.6  and  9.4  Mb/s  and  less  than  10  MHz 
for  data  rates  equal  to  or  less  than  6.3  Mb/s.  The  MDTS 
modem,  in  principle,  could  be  operated  at  greater 
transmission  efficiencies  than  that  required  for  this 
program.  RF  bandwidth  approaching  1 bit/Hz  without 
significant  modifications  to  the  modem  or  performance 
degradations  could  be  accomplished.  A simplified  diagram  of 
the  modem  structure  showing  the  adaptive  decision-feedback 
equalizer  is  presented  in  Figure  11.  The  average  error 
probability  of  a decision-feedback  equalizer  (DFE ) operating 
in  a fading  multipath  channel  requires  the  solution  for  the 
optimum  weights  for  a fixed  channel,  the  determination  of 
the  error  probability  function  of  those  weights  for  a fixed 
channel,  and  the  computation  of  the  average  with  respect  to 
the  ensemble  of  channel  members.  This  calculation  can  be 
done  exactly  in  the  absence  of  intersymbol  interference  to 
produce  a lower  bound  on  the  DFE  performance  and  to  assess 
its  intersymbol  interference  penalty.  When  twice  the 
standard  deviation  of  the  multipath  profile  is  less  than  40 
percent  of  the  4 PSK  symbol  width,  2ct/t  < 0.4,  comparison  of 
measured  modem  performance  (3  tap  forward  filter)  and  the 
lower  bound  show  that  the  bound  is  tight.  The  calculation  of 
this  lower  bound  considers  the  number  of  taps  in  the  forward 
filter  TDL.  The  bound  is  reduced  with  increasing  number  of 
taps  until  the  ideal  performance  of  the  one-shot  matched 
filter  is  realized.  The  performance  calculations  presented 
in  this  report  are  all  for  a three-tap  forward  filter  with 
tap  spacing  equal  to  one-half  a symbol  interval. 


which  is  in  addition  to  the  explicit 
by  the  radio  system  in  the  form  of 
antennas,  or  angle  diversity 
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Figure  11.  MDTS  Modem  Structure  Block  Diagram 


At  2<t/t  values  larger  than  0.4,  the  presence  of 
multipath  energy  beyond  the  span  of  the  3 tap  forward  filter 
results  in  a non-negl ig ible  intersymbol  interference 
penalty.  An  exact  solution  is  a formidable,  if  not 
impossible,  task  due  to  the  statistical  characteristics  of 
the  error  probability  functional  form.  Two  approximations 
allow  the  average  to  be  computed,  and  the  resulting 
calculations  compare  well  with  the  measured  results.  The 
approximations  compare  well  with  the  measured  results.  The 
approximations  are  that  (1)  the  intersymbol  interference  is 
Gaussian  with  mean  power  eaual  to  one-half  of  the  binary 
interference  and  (2)  the  ensemble  mean  of  the  intersymbol 
interference  correlation  matrix  is  used  in  place  of  the 
matrix  itself.  The  matrix  is  random  with  respect  to  channel 
members  in  the  ensemble.  The  effect  of  these  approximations 
is  to  require  the  DFE  to  operate  in  a fading  multipath 
channel  with  a Gaussian  interferer  with  fixed  channel 
characteristics.  Since  most  of  the  errors  occur  due  to 
fading  of  the  desired  signal,  gross  approximations  in  the 
interference  character  do  not  significantly  alter  the 
resulting  performance  characteristics.  With  one  exception, 
the  calculated  performance  for  an  average  error  probability 
of  10~6  is  within  1 dB  of  measured  performance  for  quad 
diversity  tests  and  within  2 dB  of  measured  performance  for 
dual  diversity  tests.  In  one  instance  at  dual  diversity 
under  excessive  multipath  conditions  the  performance 
calculations  are  overly  optimistic.  This  deviation  is 
attributed  to  saturation  effects  which  occur  under  extreme 
multipath  conditions  and  are  not  included  in  the  theoretical 
model.  A Performance  Improvement  Program  in  progress  will 
reduce  saturation  effects  under  these  conditions.  The 
results  of  the  performance  calculation  are  shown  in  Figure 
13  for  some  selected  values  of  2 /T.  Note  how  performance 
initially  improves  with  increasing  multipath  (implicit 
diversity)  and  then  falls  off  again  due  to  finiteness  of  the 
equalizer  structure  (intersymbol  interference  penalty).  The 
"optimum"  value  of  2 /T  is  larger  for  quad  than  dual 
diversity  because  diversity  helps  reduce  intersymbol 
interference  effects. 

It  should  be  noted  that,  although  an  exact 
determination  of  the  probability  of  error  densitv  function 
for  realistic  channel  spreads  has  not  been  determined,  the 
effect  of  increased  implicit  diversity  is  expected  to  be 
essentially  the  same  as  added  explicit  diversity.  The 
effect  on  system  performance  of  increased  implicit  diversity 
will  be  to  strongly  reduce  the  probability  of  experiencing 
an  outage  (i.e.,  fade  below  a threshold  error  probability) 
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while  also  reducing  the  duration  of  the  outage  to  a lesser 
but  still  significant  extent. 

Communication  System  Definition 

The  communication  system  model  under  consideration 
is  shown  in  Figure  12.  Complex  notation  is  used  to  present 
in-phase  and  quadrature  components  and  explicit 
modulation/demodulation  operations  are  not  shown.  The  data 
to  be  transmitted  (s^)  are  selected  from  the  set  (+l+j)  for 
a quaternary  phase-shift-keying  system.  The  transmitted 
waveform  is 

OO 

s(t)  = Z s.f  (t-kT) 
k=-“  K 

where  T is  the  interval  between  successive  symbol 
transmission,  i.e.  symbol  interval.  The  transmitter  impulse 
response  f(t)  is  defined  as  a unit  energy  real  function. 

The  troposcatter  channel  can  be  represented  by  an 
ensemble  of  zero-mean  random  functions  with  complex  Gaussian 
statistics.  Individual  diversity  channels  are  considered  to 
be  independent  of  each  other  and  the  ensemble  is  completely 
described  by  the  second  moment 


(t)  hj  (t)  = 6 ^ j 6 (t-TjE^  p(t)  , i , j-1 , 2 , . . .D . 

The  unit  area  function  p ( t ) is  the  delay  power 
spectrum  or  multipath  profile.  It  represents  the  average 
power  response  at  each  delay  value  to  impulse  function 
excitation.  The  RMS  width  of  this  function  is  referred  to  as 
the  RMS  multipath  spread,  cr  . The  received  energy  per  bit 
per  diversity  channel  is  given  by 


J dt|  / 


oo  00 


dt  If  (t-u)h.  (u) du | 


-/  at/ 


dt  / f (t-u)Ebp(u)  du 


— oo  — oo 


/ 


= E,  I p(u)  du  = E, 
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Figure  12.  Communication  System  Model 


The  ensemble  representation  is  used  here  because  the 
analysis  to  follow  assumes  a slowly  varying  multipath 
channel  which  the  equalizer  can  track.  Hence  the  performance 
is  determined  by  averaging  the  bit  error  probability  for  the 
minimum  mean  square  error  (MMSE)  equalizer  over  the  channel 
ensemble.  An  overbar  is  used  to  denote  channel  ensemble 
averages.  Brackets  < ~>  will  be  used  to  denote  average  over 
noise  or  source  statistics  for  a particular  channel 
realization.  For  the  white  Gaussian  noise  channels  the 
additive  noise  terms  are  zero  mean  and  have  second  moments 


<„.(t)n*(t)>=  N0  6i;j  6(t 


-t)  , i, j=l, 2, . . .D. 


Each  forward  filter  in  a realizable  DFE  consists  of 
a finite  length  tapped  delay  line  filter  with  impulse 
response  K 

2 * 

I 

k=-K. 


wi(t)  = 


Wik  6 (t-kT) 


where  the  tap  gain  value  is 
for  notational  convenience  1 
impulse  response  f ( — t ) which 
waveform.  For  this  choice  in 
after  time  synchronization, 
forward  filter  reduce  to  one 
output  of  the  receiver  filte 
1/T  and  held  for  a symbol  in 
correction  sample  is  summed 
output  to  produce  the  detect 
filter  has  a sample  output 


chosen  with  a complex  conjugate 
ater.  The  receiver  filter  has 
matches  the  transmit  pulse 
the  absence  of  multipath  and 
the  optimum  tap  weights  for  each 
tap  on  and  the  rest  off.  The 
r is  sampled  at  the  symbol  rate 
terval.  The  backward  filter 
with  the  sampled  receiver  filter 
ion  variable  z.  The  backward 


B 

= E 
i=l 


b . s. 
l k-i 


at  the  decision  time  for  the  s^  symbol.  The  decision  on  S|< 
is  denoted  as  s^.  The  decision  process  takes  the  form 


csgn  (z)  for  QPSK 
sgn  (z)  for  BPSK 
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where  csg  and  sgn  represent  the  signum  operations  applied  to 
the  co-phase  1 and  quadrature  symbol  components 
r espect i ve ly . 

The  parameters  of  the  DFE  are  the  number  of  forward 
filter  taps,  K=Ki+K2+1»  the  forward  filter  tap  spacing, r , 
and  the  number  of  backward  filter  taps,  B.  The  optimum  DFE 
requires  K=a>=B  and  t =1/W  where  W is  the  two-sided  bandwidth. 

A practical  choice  of  parameters  for  troposcatter  channels 
was  determined  to  be  K=3=B  and  t =t/2. 

Performance  Analysis 

Previous  methods  of  determining  average  error 
probability  performance  of  practical  equalizer  structures 
have  been  restricted  to  Monte  Carlo  simulations  [2,3]  using 
an  ensemble  of  multipath  channels.  An  analytic  approach  for 
calculating  the  average  error  probability  is  complicated  by 
the  presence  of  an  intersymbol  interference  term  in  the 
signal-to-noise  ratio  (SNR)  expression  for  a particular 
channel  realization.  Because  of  this  term,  an  average  over 
the  channel  ensemble  is  a formidable  task.  On  the  other 
hand,  omission  of  the  intersymbol  interference  term  leads  to 
an  average  error  probability  which  for  a fixed  SNR 
monotonically  decreases  with  increasing  multipath  spread. 

For  any  practical  equalizer  with  a fixed  SNR  the  average 
error  probability  will  initially  decrease  for  increasing 
multipath  spread  but  then  increase  as  the  multipath  exceeds 
the  equalizer's  capability  to  mitigate  the  intersymbol 
interference.  Elimination  of  the  intersymbol  interference 
term  provides  a convenient  lower  bound  which  both  shows  the 
intersymbol  interference  penalty  and  is  an  accurate 
performance  estimate  for  small  multipath  spreads  but  is  too 
loose  for  performance  calculation  when  the  rms  multipath 
spread  is  on  the  order  of  the  forward  filter  width.  The 
analytic  procedure  presented  below  allows  an  accurate 
calculation  of  the  lower  bound  for  no  intersymbol 
interference  and,  by  an  approximation  of  the  intersymbol 
interference  effect,  provides  a good  performance  estimate 
for  the  large  multipath  case. 

For  notational  simplicity  this  analysis  considers  a 
non-diversity  channel  and  extends  the  final  result  for 
higher  order  diversity  systems.  Quadrature  phase  shift 
keying  is  used  in  the  analysis  as  this  is  the  modem 
modulation  format.  The  received  signal  has  the  form 

oo 

r (t ) = £ s./h(u)  f(t-iT-u)  du  + n(t).  (2-1) 

i=-oo 
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We  define  the  combined  transmitter  and  receiver  response  as 


g ( 


oo 

t)  = / f(t+u)  f(u)  du 


(2-2) 


and  its  convolution  with  the  channel  as 

CO 

■^ETq(t)  = J"  g(t-u)  h(u)  du. 


(2-3) 


For  a sampling  time  t0,  the  detection  variable  z has  the 
form 


K2  * 
z = Z w, 
k=-K. 


i=-° 


I siV/Ebq(to-iT-kT)  + v(t 


-kt)l 

o J 


(2-4) 


where 


v ( t ) = / n(t  -u)  f (u)  du 
o o 


(2-5) 


is  a zero-mean  Gaussian  variate  with  second  momemt 


<(v(tQ-kx)  v*(t  -fcx)>  = Nq  g(kT-ax)  * (2-6) 

Equation  (3.4)  has  an  obvious  representation  in  a K=Ki+K2+1 
dimensional  column  vector  form  as 

OO 

z = w'  ( -/IT  z si  + V ) (2-7) 

i=-°° 

where  the  accent  mark  refers  to  complex  conjugate  transpose. 
The  vector  w represents  the  forward  filter  complex  tap 
gains,  cji  represents  the  sampled  continuous  filter  response 
for  the  ith  transmitted  symbol,  and  v is  a zero-mean 
Gaussian  noise  vector  process  with  positive  definite 
covariance  matrix  N0G0  with  element  values 

N G.  „ = N g(kT-JlT).  (2-8) 

o k£  o 
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For  4 PSK  every  other  bit  decision  is  made  on  the 
real  part  of  z and  there  is  quadrature  symmetry.  The  real 
noise  power  affecting  that  decision  is 


f 


'o  “ <(Re*'v)2  > = w'Gqw  (2-< 

If  one  assumes  s|<  = 0,  k ^ 0,  there  is  no  intersymbol 
interference  and  the  analysis  for  the  average  error 
probability  leads  to  an  SNR  expression  for  a particular 
channel  realization  which  is  a quadratic  form  of  the  type 
3o  3o  where  cj0  is  a complex  Gaussian  vector  with 

statistics  determined  by  the  channel  and  G0  is  a positive 
definite  matrix.  After  a diagonal ization  procedure  the 
average  of  the  error  probability  function  of  the  SNR  can  be 
computed  for  both  coherent  and  differentially  coherent 
detection.  This  calculation  leads  to  the  lower  bound 
expression.  When  the  intersymbol  interference  is  present  an 
effective  signal-to-noise  ratio  can  be  defined  which  leads 
to  a quadratic  form  but  both  the  vector  and  the  matrix  have 
random  components.  A method  of  averaging  over  a function  of 
this  quadratic  form  is  not  apparent.  One  course  worth 
considering  is  to  approximate  the  intersymbol  interference 
effect  in  a manner  which  will  modify  the  G0  matrix  but  keep 
its  deterministic  nature.  This  can  be  accomplished  if  the 
following  two  approximations  are  made. 

(1)  Assume  the  interference  symbols  s^,  i ^ 0,  are 
Gaussian  distributed  rather  than  binary. 

(2)  Approximate  the  matrix  contribution  to  G0  due 
to  intersymbol  interference  by  its  mean. 

This  approach  assumes  that  the  intersymbol 
interference  after  equalization  in  a fading  multipath 
channel  can  be  well  approximated  by  an  equivalent  additive 
Gaussian  noise  term.  As  will  be  seen  this  approach  does 
provide  performance  estimates  which  compare  very  well  with 
measured  results. 


34 


One  can  reasonably  assume  that  the  backward  filter 
cancels  the  interference  contribution  due  to  past  symbols, 
i.e.,  symbols  which  arrive  before  the  symbol  currently  being 
decided  on.  If  we  arbitrarily  take  the  symbol  selected  for 
decision  as  sQ,  the  remaining  interference  is  classified  as 
future  and  is  given  by 

/IT  £ s.w'q.  = w'v.  . (2-10) 

b • i-  1 1 


The  sum  can  be  truncated  after  a few  terms  as  the 
dot  product  will  disappear  for  large  i due  to  the  finite 
duration  of  the  pulse  function  q(t).  The  first  approximation 
is  to  take  s^  as  a zero  mean  Gaussian  with  mean  squared 
value  y 2.  This  quantity  should  be  less  than  unity  as 
approximating  a unit  magnitude  binary  variable  by  a unit 
variance  Gaussian  variable  will  lead  to  pessimistic 
performance  results  due  to  the  tails  of  the  Gaussian 
distribution.  A choice  of  y2  = 1/2  was  found  to  provide 
excellent  agreement  between  calculated  and  measured  values. 

Equation  (2.7)  can  be  rewritten  as 


z ~ !£'  {%  s0  + v + ) (2-11) 

and  since  the  additive  noise  contribution  from  v is 
independent  of  the  source  digit  contribution  from  yj , the 
effective  noise  power  effecting  the  decision  for  the  real 
part  of  sQ  is: 


62  - 


= ^Re  w' 


(v  + v. 


> 


2 N i 

6 = ^ w'  Gqw  + j ^ —1—1  ' />  — • 


(2-12) 


Performing  the 
the  source  digits,  one 


indicated  averaging  with  respect  to 
has 


•> 


. \ si  ai 

1 = 1 


(2-13) 
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If  we  augment  the  G0  matrix  by  Ek < yjyi '>/N0 , the 
resulting  matrix  in  the  quadratic  form  will  have  random 
vector  elements  due  to  the  presence  of  the  terms.  The 
second  approximation  is  to  replace  the  intersymbol 
interference  contr  ibution<  vjvj ’>  by  its  mean  with  respect 
to  the  channel  ensemble  ,<  y^yi  ">  . Thus  let 


G 


1 


I 

Z 

i=l 


(2-14) 


and  augment  the  G0  matrix  to  form 

G = G0  + G2  . (2-15) 

The  equivalent  noise  power  is  then  given  by 

N 

6 = 2"  G (2-16) 

where  G is  a deterministic  matrix.  We  define  the 
signal-to-noise  ratio  (SNR) 

E.  r i 2 

P = — [Re  w'^j  (2-17) 
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which  we  seek  to  maximize  as  a function  of  the  forward 
filter  weight  w.  Consider  the  generalized  dot  product 
defined  on  the  positive  definite  matrix  G,  i.e., 

(u,  v)  5 u 'Gv  . (2-18) 

Equation  (3.17)  can  be  written  as 

E,  Re  (w,G-1q  ) 1 2 

n = 1 ~ ^ J (2-19) 

Nc  (w,w) 

and  by  a generalization  of  the  Schwartz  Inequality  we  obtain 


P 


| (w,  G-1qo)  | 2 Eb 
(w,w)  - 

— — n 


G'1a0> 


(2-20) 
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with  equality  if  and  only  if 


^opt  = G 130 


(2-21) 


The  maximum  SNR  is  then 


0 

max 


(2-22) 


As  a check  on  the  normalization,  if  a = 0 and  tQ  = 0 
we  have  from  Equation  (2.3) 


q (-kx ) = g (-kx) 


ok 


and  then 


(2-23) 


p 

max 


(2-24) 


as  is  expected  in  the  absence  of  multipath. 

We  will  now  establish  that  the  mean  square  error 

function 

<e2>=  <|z  - ds|2>  (2- 

which  is  minimized  by  the  decision-feedback  equalizer  leads 
to  the  same  set  of  forward  filter  weights  as  maximization  of 
the  SNR  in  Equation  (2-17)  for  the  appropriate  choice  of 
scale  factor  d.  After  squaring  and  averaging  (2-25)  becomes 


^e2^=  E,  w'g  g 'w  - 2 •J~ 3,  d Rew'q  + N w'  Gw 
N ' h — •2-0^0  — b — -±0  O — — 


(2-26) 


= | w'^-dj2  + Nq  w’  Gw  - d2  . 
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Minimization  of  Equation  (2-26)  is  equivalent  to  the 
LaGrange  multiplier  problem 

minw'Gw-2Bw'20  (2-27) 

which  has  solution 

w = B G-1  q . (2-28) 

— 

Since  equation  (2-21)  and  (2-28)  are  the  same  except  for  an 
unimportant  scale  factor,  we  have  established  that  the 
maximum  signal-to-noise  ratio  for  a minimum  mean-square 
error  DFE  and  a particular  channel  realization  is  the 
quadratic  form  given  by  Equation  (2-22)  . The  matrix  G is  a 
deterministic  function  of  the  transmitter  and  receiver 
filter  characteristics  and  the  channel  statistics.  The 
vector  q0  is  a random  vector  associated  with  the  fading 
channel  ensemble.  In  order  to  find  the  average  error 
probability  it  will  be  necessary  to  average  over  the  channel 
ensemble.  The  error  probability  for  a particular  channel 
realization  is  from  Equation  (2-11)  and  (2-21) 

Pc  = >5  pr  |e  > 1 | + h pr  j e < -1  j (z-29) 


where  is  a zero-mean  Gaussian  random  variable  witn  standard 
deviation  equal  to  -y/l/2pmax.  The  bit  error  probability  is 


P„  = 


± / 

v2tt 


-u2/2 


du  - 1/2  erfc 


2p 


max 


max 


(2-30) 


The  subscript  c denotes  that  the  detection  process 
was  coherent,  i.e.  the  receiver  knows  the  transmitted 
carrier  phase.  Differential  detection  of  phase-shift-keyed 
signals  yields  a bit  error  probability  (4) 


P 


d 


-p 

max 

1/2  e 


(2-31) 
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Although  equalizer  systems  are  normally  coherent, 
Equation  (2-31)  provides  a convenient  approximation  for  the 
bit  error  probability  performance  for  practical  systems  and 
thus  its  ensemble  average  is  also  of  interest. 

Let  y (x ) be  the  probability  density  function  for 
P max  and  Y<s)  its  Laplace  transform.  We  want  to  calculate 


oo 

Pc  = J 1/2  erf c yx  y(x)  dx  (2-32) 

o 


P 


d 


CO 

J 1/2  e“x  y (x ) dx  = 1/2  Y(l) 
o 


(2-33) 


The  Laplace  transform  Y(s)  is  easily  obtained  after 
a diagnol  ization  of  the  quadratic  from  Equation  (3.22). 


x = 


(2-34) 


where_a  is  a zero-mean  complex  Gaussian  vector  with  a 
diagonal  covariance  matrix  r i j = AiCTij.  The  diagonalization 
resulted  from  the  transformation 

-1/2 

a = MG  2o  (2-35) 

and  M is  the  normalized  model  matrix  for  the  matrix 

G_1/2  %%  G-1/2,  i.e.  (2-36) 

G~1/2  3^  G_1/2  M = Mr  (2-37) 

M’M  = I . 
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Thus  the  eigenvalues  A ^ are  also  the  eigenvalues  of 
the  symmetric  matrix  G 1/^  3o3o'G~l/2  and  the  unsymmetric 
matrix  G 1/2  cj020,-1/2.  since  the  components  of®  are 
uncorrelated  Gaussian,  the  probability  density  for  P max  is 
the  convolution  of  exponential  densities  which  yields  a 
Laplace  transform  in  product  form. 

E 

2 ^b  -1 

Y (s)  = tt  (1  + ^-  Xks)  (2-33) 

k=-KI  o 


If  there  are  D explicit  diversity  channels  with  identical 
statistics  defined  by  (2.2),  the  Laplace  transform  for  the 
SNR  variate  becomes 


Y (s) 


(1  + £ Aks)"D 


The  error  probability  for  DPSK  is 


Pd  = Y(l) 


(2-39) 


(2-40) 


For  coherent  detection  it  is  necessary  to  find  the 
coefficients  in  a partial  fraction  expansion  of  Y(s),  i.e. 


Y (s) 


D K2 

£ E Aik  11  + T-  V*'1  ■ 

1=1  k=-K.  o 


(2-41) 
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A recursive  method  for  finding  the  coefficients  and  the 
resulting  error  probability  for  coherent  detection  is 
detailed  in  [3]  where  the  average  error  probability  for  the 
infinite  length  optimum  single  pulse  receiver  was 
determined.  The  result  is 


pc  = I Z Aik  pi  (V  (2-42) 

i=l  k=-K^ 

where  pj  (\)  can  be  calculated  in  closed  form  as 


i-1 

pi  (Ak5  = >A^/27r  £ G (m+0. 5)/ (l+Xk)m+0*  5m! 

m=0 


(2-43) 


where  G(.)  is  the  Gamma  function. 

The  above  form  is  computationally  inconvenient  when 
Pi  <<  1 but  taking  advantage  of  knowledge  that 

lim  , 

Pi  Uk)  =•  0 (2-44) 

i-+oo 


leads  to  a rapidly  convergent  series  for  >i,  i.e.. 


Pi  nk}  A^/2"  Z G (m+0. 5)/ (l+Ak)m+0- 5mi  (2-45) 

m=k 


The  lower  bound  for  coherent  detection  calculated  here 
differs  from  the  infinite  length  receiver  lower  bound  in  [31 
by  the  eigenvalue  distribution.  Clearly  the  infinite  length 
receiver  will  be  superior  to  any  finite  realization  of  an 
equalizer. 
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For  a DPSK  system  or  for  the  use  of  the  DPSK 
expression  the  Gaussian  noise  nonfading  performance  of  a 
practical  modem,  calculation  of  the  average  error 
probability  does  not  require  the  determination  of  the 
eigenvalues.  Note  that  (2-40)  has  the  determinant  form 


Pd  = (det | I + — G-1C|)  D (2-46) 

o 


where  the  covariance  matrix  C is  a function  of  the 
transmitter  filter  and  the  multipath  profile,  i.e. 


c.  . = q ( t -k  ) q*  (t  -Jtx)  = J g ( t -kx-u ) g ( tQ-£x -u ) p (u ) du 

k2.  o t o (2-47) 


For  a coherent  detection  system  the  eigenvalues  of  G~lc  can 
be  found  by  a matrix  iteration  procedure  [5]  for 
unsymmetr ical  matrices.  The  eigenvalues  represent  the 
normalized  mean  power  for  each  independent  implicit 
diversity  branch  of  which  there  are  K=Ki+K2+1  branches.  The 
sum  of  the  eigenvalues  is  overbounded  by  unity.  This  is  most 
easily  shown  through  the  physical  observation  that  the 
presence  of  multipath  does  not  increase  the  mean  received 
energy  per  bit.  We  have 


X 

max  N 2-  o G (2-48) 

o 


and  its  ensemble  mean 


p 

max 


N 

o 


~ Trace  {g“] 


g g ' 
2-0^0 


(2-49) 


i r Trace  I G_lc  } = 

o 


N 


o 


l X 

k 


k 
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Since  Pmax  < Eb/N0  from  physical  considerations,  it 
follows  that  the  eigenvalue  sum  is  overbound  by  unity.  Thus 
one  criterion  in  choosing  the  forward  filter  number  of  taps 
is  that  the  eigenvalue  sum  be  close  to  unity  for  the  more 
extreme  multipath  situations. 

As  a result  of  this  analysis,  Equation  (2-46)  can  be 
used  to  compute  the  predicted  performance  of  the  MDTS  modem 
on  a fading  dispersive  channel.  The  performance  estimate 
includes  the  effects  of  both  implicit  diversity  and 
intersymbol  interference  penalty  as  a result  of  a finite 
equalizer  structure.  The  average  bit  error  probability 
obtained  from  2-46  is  independent  of  data  rate  for  a fixed 
value  of  E^/No  and  a fixed  ratio  of  multipath  spread  20  to 
the  symbol  interval.  Predicted  performance  curves  for  the 
operational  range  of  the  MDTS  modem  are  given  in  Figure  13. 
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AVERAGE  BIT  ERROR  PROBABILITY 


SECTION  3 


GENERAL 


FIELD  TESTING 


The  field  testing  of  the  MDTS  was  performed  from 
January  1976  through  March  1976.  During  that  period  it  was 
tested  in  dual  and  quad  diversity  modes  at  data  rates  of 
12.6,  9.4,  6.3,  and  3.1  Mbs  over  two  radios,  the  AN/TRC-1 3 2A 
and  the  AN/MRC-98.  In  this  section  we  describe  the  field 
test  configuration,  first  considering  the  terminal  equipment 
and  path,  then  the  data  acquisition  facilities,  the  test 
sequence  and  finally  the  test  results. 


Terminal  Eauipment  and  Path 


All  field  tests  were  conducted  over  the  168  statute 
mile  (146  nautical  mile)  path  between  Youngstown  and  Verona, 
New  York.  The  path  profile  for  this  link  is  shown  in  Figure 
14.  The  terrain  between  the  terminals  can  be  characterized 
as  gently  rolling. 


The  terminal  equipments  at  each  end  of  the  link  are 
identical,  consisting  of  quad  diversity  AN/MRC-98  and 
AN/TRC-1 32A  radios.  Their  important  characteristics  are 
shown  in  Table  3.  The  Youngstown  AN/MRC-98  transmitter  is 
assigned  882  and  907  MHz.  Although  capable  of  transmitting 
10  kW,  the  transmitted  power  was  kept  at  2 kW  for  the  MDTS 
tests.  The  transmitter  bandwidth  is  nominally  7 MHz  at  the 
1 dB  points.  The  receiver  has  been  modified  by  the  addition 
of  a solid-state  RF  amplifier  which  establishes  its  4 dB 
noise  figure.  The  3 dB  receiver  bandwidth  is  12  MHz,  and 
the  transmitting  and  receiving  antennas  are  all  28  ft 
parabolas.  The  Youngstown  AN/TPC-132A  transmitter  is 
assigned  4500  and  4690  MHz.  As  with  the  AN/MRC-98,  it  is 
capable  of  transmitting  10  kW  but  was  operated  at  2 kW  for 
these  tests.  The  transmitter  was  broadbanded  for  the  MDTS 
tests,  to  a 1 dB  bandwidth  in  excess  of  12  MHz.  At  this 
power,  the  exciter  required  + 11.8  dBm  to  drive  the  power 
amplifier  at  2 kW.  The  receiver  noise  figure  is  nominally  6 
dB.  The  receivers  were  modified  by  the  removal  of  a tuned 
circuit  to  have  3 dB  bandwidths  of  approximately  20  MHz. 
Transmitting  and  receiving  antennas  were  all  28  ft 
parabolas. 
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Figure  14.  Youngstown  - Verona  Path  Profile 


TABLE  3. 


IMPORTANT  RADIO  CHARACTERISTICS 


Transmitter  Frequency,  MHz 
Transmitter  Power,  kW 
Transmitter  BW,  MHz 
Exciter  Input,  dBm 
Receiver  NF,  dB 
Receiver  BW,  MHz 
Antenna  Diameter,  Ft 


AN/MRC-98 

AN/TRC-1 3 2A 

882,  907 

4500,  4690 

2 

2 

7 ( ldB) 

> 12  (ldB ) 

+ 1.1 

+11.  8 

4 

6 

12  (3dB) 

20  (3dB) 

28 

28 

The  MDTS  receiver  modem  is  designed  to  operate  with  a 
70  MHz  IF  input  signal.  The  forward  equalizer  can  remove  up 
to  approximately  0.5  kHz  of  mean  Doppler  on  the  received  70 
MHz.  The  AN/MRC-98  and  the  AN/TRC-132A  both  have  frequency 
accuracies  in  the  order  of  2 x 10-^  and  1 x 10“^, 
respectively,  which  can  result  in  frequency  offsets  on  the 
received  IF  in  the  order  of  40  kHz  for  the  AN/MRC-98  and  10 
kHz  for  the  AN/TRC-132A.  Both  the  AN/MRC-98  and  the 
AN/TRC-132A  require  frequency  stabilization  so  that  digital 
data  can  be  transmitted  over  them.  The  AN/MRC-98  was 
stabilized  by  frequency  locking  the  transmitter  and  receiver 
crystal  oscillators  to  HP  frequency  synthesizers  set  to  the 
oscillator  frequencies.  This  stabilization  has  been  used  on 
the  AN/MPC-98  for  a number  of  years,  and  is  a standard 
procedure  at  Youngstown  and  Verona.  The  stabilization  of 
the  AN/TRC-132A  is,  however,  more  complex.  Figure  15  shows 
the  standard  configuration  of  the  AN/TRC-132A  frequency 
converter.  A frequency  synthesizer  outputs  a signal  in  the 
1 GHz  range  which  is  then  multiplied  x 4 and  used  as  the 
local  oscillator  to  the  balanced  modulator.  Experiments 
performed  at  Youngstown  prior  to  the  MDTS  tests  showed  that 
simple  frequency  stabilizing  of  the  synthesizer  did  not 
reduce  the  phase  noise  to  a sufficient  degree  to  allow  it  to 
be  used  in  digital  transmission.  Instead,  the  local 
oscillator  was  formed  as  shown  in  Figure  16.  A H.P.  crystal 
frequency  standard  and  synthesizer  output  a CW  signal, 
which  is  used  as  the  input  to  a x-96  multiplier.  The 
multiplier  was  borrowed  from  an  AN/TRC-97  and  its  output  was 
used  directly  as  the  local  oscillator  for  the  AN/TRC-1 32A . 
Thus,  referring  back  to  Figure  15,  the  4 x multiplier  of  the 
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Figure  15.  Transmit  Converter,  Block  Diagram,  AN/TRC-132A 


Figure  16.  Modified  AN/TRC-132A  Local  - Oscillator  Processing  Chain  Block  Diagram 


Figure  17.  Transmitter  Site  Instrumentation 


AN/TRC-1 32A  was  also  bypassed  in  this  arrangement.  This 
frequency  stabilization  was  performed  at  both  the 
transmitter  and  receiver,  and  proved  to  be  satisfactory  for 
the  MDTS . With  this  stabilization,  the  frequency  error  in 
the  received  signal  was  observed  to  be  in  the  order  of  a few 
Hertz,  many  orders  of  magnitude  lower  than  for  the 
unstabilized  radios. 

The  remainder  of  the  terminal  equipment  was 
conventional.  Tests  were  run  in  both  quad  diversity  and 
dual  diversity.  In  quad  diversity,  two  frequencies  were 
used,  transmitted  at  cross  pol ar i zat ions  over  two  separate 
antennas.  Reception  of  the  two  frequencies  at  two  space 
diversity  antennas  resulted  in  quad  diversity  reception. 

Dual  diversity  was  achieved  by  processing  only  one  received 
frequency  using  two  spaced  antennas. 

Figure  17  shows  a block  diagram  of  the  transmitter 
site  instrumentation.  All  of  the  blocks  have  been  described 
except  the  order-wire  unit  (OWU)  and  the  source  data 
simulator  (SDS).  The  OWU  converts  analog  speech  to  64  Kb/s 
CVSD,  and  is  connected  to  the  service  channel  inpjt  of  the 
modem.  The  SDS  generates  two  PN  data  streams,  a 64  Kb/s 
which  can  be  used  in  place  of  the  OWU,  and  a high  rate  (1.5, 
3.1,  6.3,  9.4,  12.6  Mb/s)  which  is  used  as  the  main  data 
stream.  All  digital  outputs  of  the  SDS  and  OWU  are 
synchronous,  being  clocked  by  the  modem. 

Data  Acquisition  Facilities 


The  receiver  site  instrumentation  is  shown  in  Figure 
18.  Two  antennas  and  two  frequencies  provided  quad 
diversity  reception.  The  four  receivers  were  frequency 
stabilized  as  previously  discussed.  Each  receiver's  pre-IF 
amplifier  output  was  routed  to  two  places,  namely  the  modem 
and  a logarithmic  amplifier.  The  order  wiYe  and  mux  data 
outputs  of  the  modem  were  inputs  to  a SDS,  identical  to  that 
u.  ed  at  the  transmitter.  The  SDS  at  the  receiver  compares 
its  input  digital  data  with  internally  generated  PN 
sequences,  and  outputs  a pulse  for  each  input  which  was 
in  error.  These  were  counted  on  digital  counters,  thus 
enabling  the  bit  error  rate  on  both  the  order  wire  and  the 
mux  data  to  be  simultaneously  measured. 


The  received  signal  level  (RSL) 
monitoring  the  outputs  of  the  four  loga 
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Figure  18.  Receiver  Site  Instrumentation 


two  ways.  The  primary  means  was  through  12  bit  A/D 
conversion  of  the  six  analog  signals  and  the  measurement  of 
their  medians  on  the  Super  Nova  computer.  The  second  means, 
used  as  a backup  in  case  of  computer  failure,  was  the 
measurement  of  the  RSL  medians  on  mechanical  counters.  The 
mechanical  counters  are  a standard  part  of  the  Verona  site 
instrumentation,  and  are  arranged  in  four  groups  of  seven 
counters.  Each  of  the  four  received  signal  levels  is 
compared,  ten  times  per  second,  with  seven  adjustable 
threshold  levels.  One  threshold  is  associated  with  each 
counter,  and  if  the  FSL  is  above  the  threshold  at  the  sample 
time,  the  counter  increments  by  one.  The  thresholds  are  set 
during  system  calibration  to  cover  a 30  dB  range  in  5 dB 
increments.  Thus,  at  the  end  of  the  test,  the  counters  read 
out  a cumulative  distribution  of  signal  level  during  the 
time  interval  of  the  test,  from  which  the  median  RSL  can  be 
evaluated  by  inspection.  The  name  given  the  mechanical 
counting  system  is  the  Signal  Level  Versus  Time,  or  SLVT, 
system.  The  data  going  to  either  the  computer  or  the  SLVT's 
were  calibrated  at  the  beginning  of  each  day  over  a 40  dB 
range  in  5 dB  steps,  with  the  SLVT's  being  restricted  to  a 
usable  30  dB  range.  The  computer  interpolated  these  to  1 dB 
steps,  but  the  SLVT's  remained  at  5 dB  steps.  The  data 
acquisition  program  used  was  a slightly  modified  version  of 
TRCDAF,  the  Troposcatter  Data  Acouisition  Proaram  developed 
for  RADC  by  SIGNATRON  in  1971. 

The  SDS  mux  data  output,  was  also  routed  to  an  Error 
Distribution  Analyzer  (EDA).  The  EDA  provides  information 
as  to  the  distribution  of  errors  in  time,  as  opposed  to  the 
counter  which  only  gives  the  total  number  of  errors  in  the 
test  period. 

The  RAKE  Troposcatter  Multipath  Analyzer,  which  is  a 
standard  part  of  the  Youngstown  and  Verona  link 
instrumentation,  was  used  during  the  test  to  measure  the 
multipath  structure  of  the  channel.  The  RAKE  was  interfaced 
to  the  Super  Nova  and  the  data  reduced  on-line.  Due  to 
instrumentation  problems,  RAKE  data  were  only  available  for 
the  latter  part  of  the  test  series.  The  RAKE  could  be  used 
on  either  or  both  transmitters  as  required  by  the  test. 

Test  Sequence 

The  field  tests  were  run  from  January  through  March 
1S76.  During  this  three-month  period  there  were  467  tests, 
each  of  20  minutes  duration.  Table  4 shows  the  test 
secuence.  The  tests  started  with  the  AN/TRC-132A  running  at 
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12. b Mb/s.  The  RSL  was  too  low,  so  after  20  data  runs  the 
rate  was  switched  to  6.3  Mb/s,  and  61  tests  run.  This  was 
followed  by  99  tests  at  9.4  Mb/s,  and  then  a return  to  12.6 
Mb/s,  at  which  time  90  tests  were  run.  The  modem  was  then 
switched  to  the  AN/MRC-98,  and  81  runs  were  made  at  3.1  Mb/s 
followed  by  96  runs  at  6.3  Mb/s.  Thus  6.3  Mb/s  was  tested 
on  both  the  AN/MRC-98  and  the  AN/TRC-1 32A . 
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TABLE  4*.  MDTS  TEST  SEQUENCE 


DATE 

DATA  RATE 

RADIO 

TEST  NOS. 

1/15  - 1/19 

12.  6 

AN/TRC-1 32A 

001  - 020 

1/21  - 1/30 

6.3 

AN/TRC-132A 

021  - 101 

2/03  - 2/12 

9.  4 

AN/TRC-1 3 2A 

102  - 200 

2/17  - 2/27 

12.6 

AN/TRC-1 3 2A 

201  - 290 

3/03  - 3/12 

3.1 

AN/HRC-98 

291  - 371 

3/17  - 3/26 

6.3 

AN/MRC-98 

372  - 467 

Test  Results 


All  tests  were  of  20  minutes  duration.  The  tests 
were  arranged  so  that  the  first  half  of  each  hour  was  at 
quad  diversity,  and  the  second  half  at  dual  diversity.  The 
change  in  diversity  was  accomplished  by  disconnecting  two  IF 
inputs  to  the  modem  terminating  them  in  50  ohm  loads.  The 
RAKE  channel  prober  was  used  twice  daily,  at  start-up  in  the 
morning  and  at  noon  time.  The  tests  were  run  during  normal 
working  hours,  five  days  per  week,  with  routine  maintenance 
being  scheduled  for  Monday  morning  and  site  calibration 
performed  the  first  hour  of  each  day. 

The  live  link  tests  at  the  RADC  troposcatter  test 
facility  were  designed  to  determine  the  MDTS  modem 
performance  characteristics,  the  channel  conditions,  and  the 
char acter ist  ics  of  the  monitoring  functions  in  the  modem. 

The  modem  performance  characteristics  were  measured  by  the 
average  bit  error  rate  (ABER)  over  20  minute  periods  as  a 
function  of  median  received  power  level.  In  addition,  the 
capability  of  the  modem  to  hold  bit  synchronization  was 
assessed  in  the  face  of  excessive  multipath  conditions  and 
aircraft  reflected  signal  conditions.  The  channel  was 
characterized  by  20  minute  measurements  (simultaneous  with 
the  ABER  measurement)  of  the  received  signal  level 
distribution  and  the  channel  fade  rate.  Twice  a day  a 
measurement  of  the  multipath  profile  for  each  of  the  two 
received  frequencies  was  also  performed.  The  multipath 
profile  is  defined  as  the  average  power  response  vs.  delay 
for  impulse  excitation  of  the  channel.  It  is  also  termed 
the  delay  power  spectrum  or  power  impulse  response.  The 
monitor  functions  in  the  MDTS  Modem  include  an  SNR  monitor 
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as  part  of  the  Built-In-Test-Equipment  (BITE),  a median 
signal  level  measure  derived  from  the  AGC  function  of  the  IP 

amplifiers,  and  a BER  indicator. 

The  measurement  of  the  multipath  profile  was 
accomplished  with  the  GTE  Sylvania  RAKE  processor  which  uses 
a 10  Mb/s  PN  seouence  for  the  probe  and  a 0.1  microsecond 
cell  display  of  the  profile.  The  RAKE  processor  measures 
the  tandem  combination  of  the  transmitter,  transmission 
medium,  and  receiver.  For  operation  on  both  the  TRC-132  and 
MRC-98,  the  transmitter  characteristics  significantly 
increase  the  measured  multipath  spread  from  that  of  the 
medium  alone.  The  transmitter  frequency  responses  are  shown 
in  Figures  19  and  20  for  the  two  radio  systems.  The  shape 
of  the  multipath  profiles  did  not  vary  greatly  over  the 
course  of  the  tests.  The  major  shape  variation  observed  was 
the  presence  of  a second  hump  for  large  multipath  conditions 
measured  on  the  MRC-98.  Typical  profiles  for  the  two  radio 
types  are  shown  in  Figure  21. 

Unfortunately,  due  to  equipment  difficulties,  RAKE 
data  was  available  only  during  the  12.6  Mb/s  testing  on  the 
TRC-132A  and  the  3.1  and  6.3  Mb/s  testing  on  the  MRC-98. 
Twice  the  standard  deviation  (2cr)  of  the  multipath  profile 
varied  from  0.09  to  0.22  microseconds  during  the  132A  tests. 
On  the  MRC-98  the  2 <J  values  ranged  from  0.17  to  0.54 
microseconds.  The  geometric  means  of  2 cr  during  each  of  the 
data  rate  tests  are  summarized  in  Table  5. 

TABLE  5.  MEASURED  MULTIPATH  SPREAD 


Data  Rate 
Mb/s 

Geometric  Mean 

2 cr 

2ff/T* 

TRC-132A 

12.6 

0 . 14  /x  sec 

0.9 

MRC-98 

6.3 

0.  23 

0.  7 

MRC-98 

6.3 

0.32 

1.0 

MRC-98 

3.  1 

0.29 

0.45 

Two  entries  are  shown  for  the  6.3  Mb/s  tests  in 
order  to  segregate  approximately  one  day  of  testing  where  a 
clear  increase  in  multipath  spread  was  observed. 


*NOTE:  T = baud  length  for  given  data  rate. 
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Figure  19.  AN/TRC-132A  Transmitter  Frequency  Response 
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Figure  20.  AN/MRC-98  Transmitter  Frequency  Response 


Figure  21.  Measured  Multipath  Profiles 
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The  fade  rate  as  measured  by  median  crossings  (one 
direction  only)  per  minute  was  recorded  during  each  20 
minute  bit  error  rate  test.  The  standard  deviation  of  the 
Doppler  spectrum,  Brms  is  related  to  the  one  directional 
median  crossing  rate  by  (9) 

(Brms  = Median  Crossing  Rate/44.3  Hz.) 

The  measured  distribution  of  Brms  for  both  the  L 
band  MRC-98  and  C-band  TRC-132A  system  are  given  in  Figure 
22. 


Average  bit  error  rate  testing  on  the  TRC-132A  was 
performed  at  6.3,  9.4,  and  12.6  Mb/s.  The  test  results  are 
shown  in  Figures  23  to  25  respectively.  The  abscissa  is 
defined  as  the  average  received  energy  per  bit  Eb  divided  by 
the  received  noise  power  N0  in  1 Hz.  This  quantity  is  also 
equal  to  the  average  received  power  divided  by  the  noise 
power  in  a bit-rate  bandwidt.fi.  Thus  the  median  received 
power  Pm  in  dBm  and  10  log  Eb/N0  are  related  by 

10  log  Eb/N0  = Pm  + 1.6  - (Np  + 10  log  RB  - 174) 

where  Np  is  the  receiver  noise  figure,  Rg  is  the  bit  rate, 
1.6  dB  is  the  difference  between  median  and  average  power 
for  a complex  Gaussian  scatter  channel,  and  -174  dBm  is  the 
receiver  noise  in  1 Hz  of  bandwidth.  Each  sample  point  on 
the  figures  represents  a 20  minute  average  of  the  bit  error 
probability  or  equivalently  the  bit  error  rate.  The  test 
points  exhibited  the  same  type  of  scatter  as  seen  in  the 
simulator  tests  for  a fixed  multipath  spread.  Thus  the 
modem  was  relatively  insensitive  to  the  multipath  spread 
variations  which  occurred  over  the  test  period.  This 
insensitivity  is  due  to  more  implicit  diversity  gain  but 
larger  intersymbol  interference  penalty  under  conditions  of 
an  increase  in  multipath  spread.  Note  that  under  these 
large  multipath  conditions  where  2 is  nearly  equal  to  the 
symbol  interval,  time  gating  techniques  without  equalization 
cannot  eliminate  the  multipath  distortion  effects.  The 
implicit  diversity  gain  realized  under  these  conditions  can 
be  estimated  by  the  amount  the  curves  move  toward  (or  cross) 
the  ideal  flat  fading  curves  shown  as  dotted  lines.  At 
small  Eb/N0  there  is  no  implicit  diversity  and  only  small 
intersymbol  interference  penalty,  and  thus  the  separation 
from  ideal  is  a measure  of  the  implementation  margin.  At 
larger  values  of  Eb/N0  the  implicit  diversity  and 
intersymbol  interference  penalty  increase  with  the  net  gain 
reflected  as  the  dB  movement  to  the  left. 


60 


average 


Figure  23.  6.3  Mb/s  Test,  TRC-132A 
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The  results  from  the  MRC-9b  tests  were  similar  to 
that  obtained  on  the  TRC-132A.  The  MRC-98  tests  were 
performed  at  approximately  900  MHz  which  produced  both 
slower  fading  and  increased  multipath  spread.  The  results 
are  shown  in  Figures  26  and  27.  Some  extreme  multipath 
conditions  were  observed  at  6.3  Mb/s  over  approximately  one 
day  where  the  rms  multipath  spread  (26)  approximately 
equalled  the  4 PSK  symbol  length.  For  this  amount  of 
multipath,  the  intersymbol  interference  penalty  is 
significant  as  evidenced  by  the  degraded  performance  shown 
in  Figure  27 . 

A summary  of  the  link  performance  tests  is  shown  in 
Figure  28.  Note  that  the  12  and  9 Mb/s  curves  for  quad 
diversity  on  the  TRC-132A  are  reversed  from  their 
theoretical  relationship.  Also,  the  curves  are  not 
separated  by  exactly  the  theoretical  dB  difference 
associated  with  the  data  rate  ratios.  These  factors  are  an 
indication  of  the  effects  of  varying  multipath  conditions 
and  calibration  accuracy  which  is  probably  on  the  order  of 
+ 1 dB.  We  next  turn  our  attention  to  a comparison  of  these 
measured  results  with  theoretical  performance  calculations. 

In  Section  2 a mathematical  model  for  the 
calculation  of  modem  performance  was  developed.  The  model 
computes  the  average  bit  error  rate  on  a fading  channel  by 
considering  transmission  of  a desired  bit  and  two  bits  of 
future  intersymbol  interference.  With  this  model,  as  the 
multipath  spread  increases,  performance  initially  improves 
due  to  additional  implicit  diversity  but  for  sufficiently 
large  multipath  spread,  the  intersymbol  interference  penalty 
dominates  and  performance  falls  off  again.  The  intersymbol 
interference  penalty  becomes  significant  as  the  multipath 
spread  exceeds  the  width  of  the  forward  filter  in  the 
decision  feedback  equalizer.  The  model  of  course  requires 
knowledge  of  the  channel  rms  multipath  spread,  2or.  RAKE 
data  was  available  for  the  link  tests  at  12.6  Mb/s  on  the 
TRC-132A  and  at  3.1  and  6.3  Mb/s  on  the  MRC-98.  The  RAKE 
measurements  include  the  filtering  effect  of  the  transmitter 
power  amplifier  which  produces  a non-fading  intersymbol 
interference  effect.  The  model  can  incorporate  the  effects 
of  a transmitter  filter  but  the  filter  impulse  response  must 
be  known.  With  only  the  amplitude  response  of  the 
transmitter  filter  transfer  function  available,  the  model 
was  used  with  the  measured  values  of  rms  multipath  spread. 

As  can  be  seen  from  Figures  29  through  31,  the  effect  of 
this  approximation  is  minimal  as  the  measured  and  calculated 
results  compare  very  well. 
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Figure  26.  3.1  Mb/s  Test,  MRC-98 
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Figure  28.  Link  Test  Summary 
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Figure  29.  Comparison  of  Measured  and  Calculated 
Performance,  3.1  Mb/s 
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Figure  30.  Comparison  of  Measured  and  Calculated 
Performance  6.3  Mb/s 
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Figure  31.  Comparison  of  Measured  and  Calculated 
Performance  12.6  Mb/s 
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transmitter  filter  transfer  function  available,  the  model 
was  used  with  the  measured  values  of  rms  multipath  spread. 
The  relatively  small  deviations  between  predicted  and 
measured  results  can  be  attributed  to 

(1)  additive  noise  effects  in  the  RAKE  measurement 
technique  which  increases  the  measured  multipath  spread. 

(2)  variations  in  the  long  term  value  of  multipath 
spread  (the  RAKE  measurements  and  modem  performance  tests 
may  be  separated  in  time  by  as  much  as  one-half  a day) 

(3)  In  the  6Mb/s  tests  the  Klystron  bandwidth  is 
less  than  the  signal  bandwidth  which  may  produce  an 
additional  intersymbol  interference  penalty. 

The  MDTS  modem  does  not  use  a transmitter  reference 
signal  for  equalizer  adaptation  but  utilizes  the  receiver  4 
PSK  decisions  to  form  an  error  signal  for  adaption.  A 
decision-directed  equalizer  modem  is  subject  to  loss  of  bit 
count  integrity  (BCI)  under  fading  channel  conditions. 

After  a deep  fade  in  the  presence  of  large  multipath  delays 
where  the  error  probability  is  one-half  for  an  equalizer 
time  constant,  the  equalizer  weights  may  re-adapt  after  the 
fade  and  skip  or  gain  a 4 PSK  symbol.  The  loss  of  BCI  due 
to  this  effect  is  an  infreauent  occurrence  because  deep 
fades  of  this  natures  are  infrequent  on  high  order  diversity 
systems  and  because  the  amount  of  multipath  necessary  to 
cause  loss  of  BCI  after  the  deep  fade  must  be  in  excess  of 
the  equalizer  width. 

The  re-adaptat ion  of  a decision-directed  equalizer 
after  a deep  fade  under  extreme  multipath  conditions  or 
excessive  delay  of  an  aircraft  reflection  echo  is  the  major 
contributor  to  loss  of  BCI.  Loss  of  BCI  due  to  symbol  timing 
tracking  or  frame  synchronization  tracking  during  deep  fades 
does  not  occur,  as  the  modem  is  designed  to  disable  these 
functions  for  the  duration  of  the  fade. 

The  link  tests  at  RADC  confirmed  the  ability  of  the 
MDTS  modem  to  hold  BCI  under  useable  communications 
conditions  and  relatively  large  multipath  spreads.  With  the 
exception  of  some  excessive  multipath  conditions  on  the 
MRC-98,  the  modem  did  not  lose  bit  synchronization  during 
the  test  period  when  received  signal  levels  were  good,  i.e., 
typically  an  average  error  probability  better  than  10~2, 

The  test  period  contained  numerous  aircraft  fly-through 
occur  rences. 
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At  12.6  Mb/s  on  the  TRC-132A,  the  test  period 
included  many  subperiods  of  very  weak  signal  conditions. 

Loss  of  BC  occurred  during  dual  diversity  tests  under 
condition^,  where  the  Average  Bit  Error  Rate  (ABER)  was 
always  larger  than  10-2.  One  event  could  be  correlated  with 
the  presence  of  aircraft  reflections.  Loss  of  BCI  occurred 
during  6 quad  diversity  tests  also  when  conditions  would 
produce  an  ABER  poorer  than  10~2.  One  of  these  6 events 
also  showed  aircraft  reflection  signals  on  the  strip  chart 
near  the  loss  of  BCI  occurrence.  There  were  a total  of  110 
tests  run  at  12.6  Mb/s.  All  tests  are  of  20  minute  duration 
and  the  runs  are  approximately  divided  equally  between  dual 
and  quad  diversity. 

There  were  two  losses  of  BCI  events  in  a dual 
diversity  configuration  at  9.4  Mb/s  TRC-132A  again  when 
conditions  produced  an  ABER  poorer  than  10-2.  The  modem  did 
not  lose  BCI  in  a quad  diversity  configuration  at  9.4  Mb/s. 

A total  of  99  tests  were  run  at  9.4  Mb/s. 

At  6.3  Mb/s  on  the  TRC-132A  there  were  four  loss  of 
BCI  events  at  dual  diversity  and  two  at  quad  diversity.  The 
events  all  occured  when  the  ABER  was  worse  than  10~2  and 
were  not  as  a result  of  aircraft  echo.  There  were  81  tests 
at  6.3  Mb/s  on  the  TRC-132A 

The  total  test  period  on  the  TRC-132A  contained  56 
identifiable  aircraft  interference  echoes,  many  of  them 
occurring  in  the  presence  of  weak  scatter  conditions.  Two 
of  the  identified  aircraft  occurences  result  in  loss  of  BCI. 

At  3.1  Mb/s  on  the  MRC-98  there  were  five  loss  of 
BCI  events  at  dual  diversity  under  conditions  of  ABER  worse 
than  10~2#  jn  tj-,G  aua(j  diversity  configuration  there  were 
two  loss  of  BCI  events  under  conditions  of  an  ABER  of 
approximately  10"^  and  significant  aircraft  reflection 
activity  during  each  test.  There  were  81  tests  at  3 Mb/s. 

A combination  of  transmitter  filter  selectivity  and 
large  multipath  conditions  (2c  /T  > 1.)  during  the  MRC-98 
tests  at  6.3  Mb/s  produced  more  loss  of  BCI  events  with  some 
occurring  under  strong  signal  conditions.  The  loss  of  BCI 
under  these  conditions  is  due  to  instantaneous  multipath 
conditions  which  exceed  the  equalizer's  capability  and  cause 
the  decision-directed  mechanism  to  break  down.  There  were 
12  loss  of  BCI  events  for  the  dual  diversity  tests  and  11 
events  for  the  quad  diversity  tests.  Of  these  events  4 
showed  evidence  of  the  presence  of  aircraft  reflection 
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signals.  There  were  96  tests  at  6.3  Mb/s  on  the  MRC-98. 

For  the  MRC-90  tests  at  both  3.1  and  6.3  Mb/s  there  were  a 
total  of  51  identifiable  aircraft  interference  echoes. 

An  Error  Distribution  Analyzer  (EDA)  was  used  at  the 
9.4  and  12.6  Mb/s  rates  to  measure  the  distribution  of  the 
bit  error  rate  as  a function  of  average  bit  error  rate.  The 
measured  distributions  for  the  two  data  rates  at  both  dual 
and  quad  diversity  are  given  in  Figures  32  through  35. 
Considerable  variation  between  distributions  at  the  same 
ABLR  can  be  expected  as  the  variation  in  multipath  spread 
can  signif icantly  alter  the  available  implicit  diversity  and 
hence  the  distribution. 


> 
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Figure  33.  Bit  Error  Rate  Distribution 


During  the  test  period  the  monitor  functions  of  the 
MDTS  Modem  were  connected  to  the  computer  for  recording  and 
subsequent  evaluation.  The  MDTS  modem  has  a BITE  SNR 
measure  and  a measure  of  the  largest  received  signal 
strength.  The  BITE  SNR  is  formed  from  the  adaptation  error 
signal  and  is  a measure  of  the  signal  strength  relative  to 
combined  noise  and  intersymbol  interference  powers.  In  the 
absence  of  intersymbcl  interference  the  BITE  SNR  is 
approximately  10  log  Efc,/N0.  The  median  value  of  BITE  SNR  is 
plotted  versus  the  average  (in  dB)  of  the  diversity  received 
signal  medians  in  Figures  36  and  37  for  dual  and  quad 
diversity,  respectively.  The  significant  departure  from 
linearity  is  an  indication  of  the  multipath  conditions  which 
are  not  reflected  in  the  median  received  signal.  Thus  the 
BITE  SNR  is  most,  useful  as  an  overall  measure  of  modem 
performance  and  not  received  signal  level. 

The  median  of  the  largest  diversity  signal  as 
measured  by  the  IF  amplifier  AGC  voltages  is  plotted  in 
Figures  38  and  39  for  dual  and  quad  diversity,  respectively. 
If  X represents  the  received  strength  in  watts  for  a single 
diversity  branch,  the  distribution  of  x for  the  complex 
Gaussian  scattering  channel  is 

F(x)  = pr  (Y  <x)  = 1 - e ~0*693x/xm 

where  xm  is  the  median  received  signal  strength.  For  a Dth 
order  diversity  system,  the  distribution  of  the  maximum 
received  signal  strength  y is 

G(y)  = [F (y) ) D, 

y = max  (x j , x 2 , . . . xp ) 


The  median  of  the  maximum  received  signal  strength 

solves 

(1  - e~^.693  ym/xrn)D  _ 0.5 

For  D = 2 and  D = 4 one  finds  ym  larger  than  xm  by 
2.5  and  4.2  dB,  respectively.  Figures  38  and  39  show  that 
the  AGC  median  measured  by  the  MDTS  modem  is  a good  measure 
of  the  statistic  ym. 

The  MDTS  modem  has  a BER  indicator  which  displays  a 
5 minute  average  of  the  bit  error  probability.  This  average 
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Figure  36.  BITE  SNR  vs.  dB  Average 
of  Received  Median,  D=2 
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is  obtained  from  the  13.2  Kb/s  PN  sequence  used  to  provide 
frame  control  between  the  time  division  multiplexed  message 
and  order  wire  bits.  Because  the  PN  frame  rate  is  much  less 
than  the  data  rate  and  the  measurement  duration  is  four 
times  less  than  the  Average  Eit  Error  Rate  (ABER)  test 
duration,  there  will  be  more  scatter  in  the  monitor 
measurement.  Also  the  monitor  function  only  displays  the 
exponent  of  the  measured  average  bit  error  probability.  A 
scatter  plot  of  the  monitor  results  and  the  20  minute  ABER 
tests  at  the  12  Mb/s  rate  is  presented  in  Figure  40.  The 
monitor  function  is  seen  to  provide  an  estimate  of  the  ABER 
which  is  generally  smaller  than  the  actual  value.  It  is 
believed  that  the  offset  from  ideal  is  due  to  truncation  of 
the  mantissa  digit.  The  addition  of  one  mantissa  digit  for 
the  EER  indicator  would  improve  the  usefulness  of  this 
monitor  function. 

For  small  values  of  ABER,  say  less  than  10-^,  the 
BER  indicator  occasionally  presents  a value  orders  of 
magnitude  less  than  the  measured  ABER.  This  phenomenon 
results  from  the  error  contribution  to  the  ABER 
concentrating  in  the  first  fifteen  minutes  of  the  test, 
possibly  one  or  two  error  bursts,  and  very  few  errors  in  the 
last  five  minutes  of  the  test  when  the  BER  indicator  is 
extracting  its  data. 
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SECTION  4 


SIMULATED  PERFORMANCE  TESTS 


GENERAL 


In  this  section  fading  channel  performance  of  the 
MDTS  modem  using  a QDSTS  is  summarized  and  compared  to  the 
performance  calculations  derived  from  the  analytic  model 
developed  in  Section  2.  These  results  provide  a baseline  for 
evaluation  of  the  performance  results  from  CONUS  testing. 

The  performance  of  a single  channel  modem  receiver 
on  a white  Gaussian  noise  non-fading  channel  is  shown  in 
Figure  41.  The  degradation  from  ideal  coherent  detection  is 
about  2 dB  which  is  primarily  due  to  the  effect  of 
differential  encoding  (approximately  a factor  of  2 in  error 
rate),  the  adaptation  self  noise,  quantization  of  the 
backward  filter  weights,  and  spectrum  control.  The 
expression  for  differential  detection  of  phase-shift  keyed 

signals,  1/2  e Eb/Nof  is  seen  to  provide  a convenient  lower 
bound  for  the  actual  non-fading  modem  performance.  Since 
most  of  the  contribution  to  the  average  error  probability 
occurs  at  instantaneous  values  of  E^/No,  corresponding  to 

the  10  1 to  10  2 region,  it  follows  that  bound  and  measured 
fading  performance  would  be  close.  As  outlined  in  Section  2, 
use  of  the  exponential  performance  characteristic  has  the 
advantage  that  the  average  error  probability  can  be 
determined  by  calculating  a determinant  of  rank  equal  to  the 
number  of  forward  filter  taps  rather  than  calculating  the 
eigenvalues  directly. 

The  fading  performance  of  the  DFE  modem  was  measured 
at  data  rates  of  1.5,  3.1,  6.3,  9.4,  and  12.6  Mb/s  over  a 
complete  range  of  multipath  profiles  and  channel  fade  rates. 
Performance  characteristics  can  be  summarized  in  terms  of 
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Figure  41.  Non-Fading  Performance 
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the  ratio  of  twice  the  rms  multipath  spread  <r  to  the  QPSK 
symbol  interval  T.  For  a fixed  2<r/T  and  Ek/N0,  performance 
was  essentially  independent  of  data  rate.  Performance  for 
dual  and  quadruple  diversity  operation  is  also  unaffected  by 
choice  of  the  rms  Doppler  spread*  up  to  the  maximum  rate  of 
10  Hz. 

The  performance  results  calculated  from  the  model 
developed  in  Section  2 are  presented  again  in  Figure  42  for 
selected  values  of  2a/T.  Two  future  bits  of  intersymbol 
interference  were  used  in  the  calculation.  Additional  bits 
did  not  change  the  performance  results  for  the  range  of 
multipath  considered.  As  expected  the  "optimum"  value  of 
2<r/T  is  greater  for  larger  diversity  order  as  diversity 
helps  reduce  intersymbol  interference.  A summary  of  the 
measured  MDTS  modem  performance  at  all  the  data  rates  is 
given  in  Figures  43  through  47.  The  values  of  2<r/T  selected 
for  the  performance  calculation  agree  with  the  12.6  Mb/s 
values  in  Figure  43.  The  calculated  and  measured  compare 
well  at  all  data  rates  except  for  extreme  multipath 
conditions  under  dual  diversity  operation.  As  an  example. 
Table  6 shows  the  calculated  and  measured  E^/Nq  to  achieve  a 
10-6  average  error  probability.  Except  for  2cr/T  = 1.2  at  D = 
2,  the  calculations  are  accurate  to  within  2<rdB  for  dual 
diversity  and  they  are  accurate  to  within  1 dB  for  all  2<r/T 
values  for  quad  diversity.  The  poorer  measured  performance 
under  extreme  multipath  conditions  at  D = 2 may  be  due  to 
incomplete  removal  of  past  intersymbol  interference  due  to 
insufficient  dynamic  range  in  the  backward  filter  weights  or 
saturation  effects  due  to  amplifier  dynamic  range  in  the 
forward  filter.  The  model  assumes  perfect  removal  of  the 
past  intersymbol  interference  and  of  course  infinite  dynamic 
range  to  handle  multipath  induced  peaks.  Dual  Diversity 
data  was  not  taken  at  the  lower  data  rates  (3.1  and  1.5 
Mb/s)  since  this  was  not  our  primary  area  of  interest). 


*Tbe  rms  Doppler  spread  is  the  standard  deviation  of  the 
Doppler  power  spectrum.  In  the  simulator  it  is  established 
by  the  3 dB  bandwidth  of  a two-pole  Butterworth  filter  used 
to  filter  the  input  white  noise  driving  the  tap  gains. 
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Figure  42.  Calculated  Performance  Results 
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Figure  44.  Simulator  Test  Results,  9.4  Mb/s 
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Figure  45.  Simulator  Test  Results,  6.3  Mb/s 
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It  is  noteworthy  that  performance  initially  improves 
with  increasing  multipath  relative  to  data  period  ( 2cr/T 
increasing)  and  then  falls  off  again  due  to  the  finiteness 
of  the  equalizer  structure.  This  phenomenon,  implicit 
diversity,  is  exemplified  in  the  curves  of  Figure  48,  which 
is  a plot  of  bit  error  rate  versus  2<r/T  for  the  quad 
diversity,  9.4  MBS  case.  This  curve  is  typical  for  all  data 
rates.  In  this  instance,  performance  is  better  for  high 
dispersion  channels,  up  to  a 2<x/T  ratio  approaching  1.0. 
Beyond  this  point,  the  effects  of  inter  symbol  interference 
becomes  dominant  and  performance  falls  off.  The  break  point 
for  dual  diversity  is  lower,  (approximately  0.8)  because  of 
a higher  susceptabil ity  to  intersymbol  interference.  It  is 
evident  from  this  that  an  optimum  data  rate  approximation 
can  be  determined  for  a given  channel  if  its  multipath 
profile  is  known. 

The  intersymbol  interference  penalty  is  quite  small 
for  2c/T  less  than  about  0.4.  In  this  region  the  lower  bound 
computation  assuming  no  intersymbol  interference  is  accurate 
and  the  approximations  required  to  include  the  intersymbol 
interference  effect  are  not  required  to  predict  performance. 
As  an  example  of  the  tightness  of  the  bound  at  2cr/T=0.4, 
simulator  test  data  from  the  MDTS  breadboard  and  the  lower 
bound  calculation  are  shown  in  Figure  49  for  dual,  and 
non-diversity  operation.  Simulator  test  data  from  the  MDTS 
engineering  development  model  for  quad  diversity  operation 
is  also  shown  in  Figure  49. 


TABLE  6.  COMPARISON  OF  CALCULATED  AND  MEASURED 
PERFORMANCE  AT  12.6  Mb/s 


Required  for 

P=10-6 

Diversity 

Order 

2<r/T 

Measured  E^^Nq 

Calc. 

Eb/No 

dB 

2 

0 

30.0 

28.5 

2 

0.2 

22.5 

22.0 

2 

0.9 

21.0 

21.7 

2 

1.2 

> 30 

24.0 

4 

0 

14.5 

14 . 2 

4 

0.2 

12.0 

12.0 

4 

0.9 

10.7 

11.5 

4 

1.4 

12.5 

12.5 

4 

1.9 

14.5 

15.0 
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SECTION  5 


ENVIRONMENTAL,  RELIABILITY,  MAINTAINABILITY 
AND  HUMAN  FACTORS  TESTS 


GENERAL 

The  MDTS  was  subjected  to  a series  of  Environmental 
Tests,  a 16,000-hour  Reliability  Demonstration,  a 
Maintainability  Demonstration,  and  Human  Factors 
Demonstration.  The  Environmental  Test  included  EMI,  low 
temperature,  high  temperature,  humidity,  sand  and  dust, 
fungus  (samples  only),  bench  handling  (samples  only),  shock 
(in  shipping  container),  vibration  (in  shipping  container), 
power  determination,  and  altitude.  In  this  section  the 
results  of  these  tests  have  been  summarized. 

ENVIRONMENTAL  TESTS 

Electromagnetic  interference  tests  conducted  on  the 
MDTS  Modem  successfully  demonstrated  conformance  to  the 
requirements  of  MIL-STD-461A,  Table  VI,  Notice  4 (modems). 
The  modem  was  designed  to  the  requirements  of  RS  03  and  RS 
03.1  in  lieu  of  RS  03.2. 

Conducted  and  radiated  emission/susceptibility 
tests,  tabulated  below,  were  performed  with  the  modem 
operating  at  the  maximum  bit  rate  of  12.552  Mb/s.  All  tests 
were  conducted  at  GTE  Sylvania,  Needham,  Massachusetts. 

Final  recommendations  advise  the  use  of  double 
shielded  interface  cables  to  maintain  a comparable  level  of 
EMI  integrity  at  the  system  level  as  demonstrated  by  the 
modem  as  a subassembly. 

EMI  Tests  Conducted  And  Passed 


TEST 

METHOD 

FREQUENCY 

RANGE 

MEASUREMENT 

CE 

02 

10 

KHz 

to 

50 

KHz 

AC  Power  Leads 

CE 

03 

30 

Hz 

to 

50 

KHz 

Control  and 

Signal 

Leads 

CE 

04 

50 

KHz 

to 

50 

MHz 

Power  Leads 

CE 

05 

50 

KHz 

to 

50 

MHz 

Control  and 

S igna 1 

Leads 

99 


cs 

02 

50  KHz 

to  400 

MHz 

Power  Leads 

cs 

06 

Spike 

Power  Leads 

RE 

02 

14  KHz 

to  1 GHz 

Electric 

Field 

- Broadband 

RE 

02.1 

1 KHz 

to  10  GHz 

Electric 

Field 

- Narrowband 

RS 

02 

Spike 

Magnetic 

Introduction  Field 

RS 

03 

10  KHz 

to  400 

MHz 

Electric 

Field 

RS 

03.1 

2 MHz 

to  12.4 

GHz 

Electric 

Field 

Detailed  results  of  these  tests  can  be  found  in 
Appendix  D of  Data  Item  A005,  Engineering  Accomplishment 
Report. 


Low  Temperature 

The  MDTS  Modem  was  subjected  to  a low  temperature 
test  in  accordance  with  MIL-STD-810B,  Method  502,  Procedure 

I.  The  results  performed  at  -25  degrees  F,  indicated  Link 
BER  performance  to  be  5 db  below  nominal,  and  the  modem 
failed  to  maintain  synchronization  for  long  periods  of  time 
relative  to  SNR.  Control  panel  tests  were  successful,  but 
off-line  bite,  tests  indicated  some  failures.  Additional 
tests  performed  at  0 degrees  F and  33  degrees  F indicated  a 
direct  relationship  between  temperature  and  performance, 
until  at  room  ambient  all  results  were  normal.  No  permanent 
failures  had  occurred. 

High  Temperature 

The  MDTS  Modem  was  subjected  to  a high  temperature 
test  in  accordance  with  MIL-STD-810B,  Method  501,  Procedure 

II. 


Three  problems  were  discovered  during  the  tests.  A 
power  supply  start-up  problem  occurred  at  +125  degrees  F. 
Removing  two  circuit  cards  and  cycling  the  AC  power  enabled 
the  power  supply  to  function  normally.  The  supply  continued 
to  function  normally  after  re-seating  the  two  circuit  cards. 
An  I FA  card  failed  during  the  test,  but  allowing  it  to  reach 
room  temperature,  then  re-installing  it  in  the  modem 
permitted  quad  diversity  operation  until  the  I FA  heated  up 
again  and  failed.  Link  BER  performance  was  below  normal, 
just  as  it  was  in  the  low  temperature  test.  However,  no 
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loss  of  sync  was  observed.  The  degraded  performance  is 
primarily  due  to  shifting  of  offsets  in  the  FEP  cards.  To  a 
much  lesser  degree  some  deterioration  may  be  due  to 
observed  poorer  tracking  of  the  IF  amplifiers. 

As  part  of  the  performance  improvement  task  presently 
being  performed,  the  IF  amplifier  is  being  redesigned  and 
the  FEP  card  is  being  improved.  This  should  eliminate  these 
as  high  temperature  problem  areas.  As  the  power  supply 
failure  disappeared  and  has  not  re-appeared,  no 
investigation  has  taken  place. 

Humidity 

The  MDTS  Modem  was  subjected  to  a humidity  test  in 
accordance  with  MI L-STD-8 10B , Method  507,  Procedure  II. 
Electrical  problems  incurred  during  testing  were  due 
primarily  to  RF  connectors.  Link  BER  performance  was 
generally  below  nominal.  Re-seating  RF  cards  sometimes 
cleared  up  problems.  At  the  conclusion  of  the  test  cycle, 
after  the  modem  had  stabilized  for  a day  at  room 
temperature,  all  tests  were  successful  and  the  Link  BER  test 
results  were  back  to  normal.  No  permanent  failures  had 
occurred. 

A visual  mechanical  inspection  found  that  minor 
corrosion  and  paint  blistering  had  occurred.  Also,  some 
physical  deformation  had  taken  place  in  a plastic  safety 
shield  on  the  power  supply  frame  and  in  the  nylon  card 
guides  and  card  guide  spacers. 

The  quality  control  of  the  RF  connectors  is  being 
investigated  and  alternate  connectors  are  being  considered 
for  future  units. 

Sand  and  Dust 


The  MDTS  Modem  was  subjected  to  a Sand  and  Dust  Test 
in  accordance  with  MIL-STD-810B , Method  510,  Procedure  I, 
except  the  air  velocity  was  not  less  than  200  or  greater 
than  300  feet  per  minute. 

The  modem  successfully  completed  all  electrical 
tests  and  showed  no  visual  degradation. 
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Fungus 


Eight  selected  items  from  MDTS  were  subjected  to  a 
Fungus  Test  according  to  MI L-STD-810B , Method  508,  Procedure 
I. 

The  three  printed  circuit  modules  that  were  included 
showed  no  evidence  of  fungus  growth.  Minor  fungus  growth 
appeared  on  some  soft  vinyl  sleeving,  and  an  adhesive  backed 
rubber.  In  all  cases,  it  is  believed  that  the  growth  took 
place  on  foreign  materials  entrapped  within  the  subject 
material,  as  the  subject  materials  are  classified 
non-nutr ient. 

After  cleaning,  all  electrical  assemblies  were 
returned  to  active  service  within  a modem  and  no  problems 
relative  to  the  fungus  testing  have  occurred. 

Bench  Handling 

Three  items  from  MDTS  were  selected  and  subjected  to 
a Bench  Handling  Test  in  accordance  with  MIL-STD-810B, 

Method  516.1,  Procedure  V.  The  items  included  a digital 
module,  an  analog  module,  and  a power  supply  module.  Post 
bench  handling  tests  showed  no  mechnical  or  visual 
degredation,  and  all  electrical  tests  resulted  in  normal 
modem  performance. 

Shock 

The  MDTS  Modem,  packaged  for  shipment,  was  subjected 
to  six  impact  shocks  of  15  g's  and  a time  duration  of  11 
milliseconds.  One  shock  was  applied  in  each  direction  along 
the  three  major  axes  of  the  equipment.  Post  shock  Tests 
showed  no  mechanical  or  visual  degredation,  and  all 
electrical  tests  resulted  in  normal  modem  performances.  A 
circuit  breaker  failure  did  occur  at  the  end  of  this  test, 
but  this  was  as  a result  of  a defect  common  to  all  the 
circuit  breakers.  This  defect  has  since  been  remedied. 

Vibration 


The  MDTS  Modem,  packaged  for  shipment,  was  subjected 
to  a simple  harmonic  motion,  having  an  amplitude  of  0.015 
inches  (0.030  inches  maximum  excursion).  The  frequency  was 
varied  uniformly  between  the  approximate  limits  of  10  to  55 
Hz.  The  rate  of  frequency  change  was  linear  and  such  that  a 
complete  cycle  (10  - 55  - 10  Hz)  took  30  minutes.  One  cycle 
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was  performed  along  each  of  the  three  major  axes  of  the 
equipment  for  a total  test  time  of  90  minutes.  Post 
vibration  tests  showed  no  mechanical  or  visual  degredation, 
and  all  electrical  tests  resulted  in  normal  modem 
performance. 

Power  Determination 


Power  measurements  were  taken  for  both  primary  input 
power  and  DC  power.  Recorded  prime  power  values  and 
calculated  power  factors  for  the  specified  input  voltage  and 
frequency  ranges  are  as  follows: 


Voltage 

(VAC) 

Frequency 

(Hz) 

Current 

(Amps) 

Power 
(K  Watts) 

Power  Factor 
(%) 

Operation 

120 

60 

6.55 

0.595 

75.5 

Normal 

120 

47 

7.2 

0.610 

70.5 

Normal 

108 

47 

6.95 

0.550 

73.0 

Normal 

132 

47 

7.8 

0.690 

67.0 

Normal 

120 

63 

6.55 

0.610 

77.5 

Normal 

108 

63 

6.85 

0.580 

78.5 

Normal 

132 

63 

6.45 

0.650 

76.0 

Normal 

132 

47 

7.85 

0.710 

68.6 

Lamp  Test 

120 

60 

6.7 

0.605 



75.0 

Lamp  Test 

The  following  DC  power  measurements  reflect  power 
margins  in  excess  of  27  percent. 
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Power 

Measured 

Current 

Supply 

(amps . ) 

-15VDC 

1.^5 

-5VDC 

0.26 

+ 5VDC 

32.5 

+5VDC  lamp  test 

33.0 

+15VDC 

3.5 

+24VDC 

0.57 

With  blower  power  measured  at  135  Watts  (120  VAC,  60 
Hz),  the  DC  power  supply  efficiency  computes  to  55  percent. 

Altitude 


The  MDTS  Modem  was  subjected  to  an  altitude  test  in 
accordance  with  MIL-STD-310B,  Method  500,  Procedure  I, 
except  the  rate  of  change  of  altitude  did  not  exceed  2,500 
feet  per  minute.  As  entrance  into  the  chamber  during 
altitude  testing  was  not  permitted,  those  parts  of  the 
functional  test  requiring  manipulation  of  MDTS  switches  were 
eliminated  for  this  test  only.  No  deviation  from  normal 
performance  was  seen  either  during  or  after  the  altitude 
test. 


Other  Tests 


In  addition  to  the  environmental  tests  previously 
discussed,  the  following  tests  were  successfully  completed: 
Order  Wire  Test,  Spectrum  Occupancy  Test,  Quality  Monitor 
Test,  Synchronization  Test,  Signal  Acquisition  Test,  and 
Interchangeability  Test. 
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Reliability 


A reliability  demonstration  test  conducted  on  the 
MOTS  Modem  successfully  demonstrated  compliance  with  the 
specified  operational  reliability  MTBF  of  2500  hours.  In 
addition,  a reliability  improvement  was  developed  by  culling 
out,  and  implementing  a design  correction  to  one  detective 
component  (circuit  breaker). 

The  observed  MTBF,  as  calculated  from  the  test  data, 
was  2677  hours  based  on  accumulated  operating  time  in  excess 
of  16,000  hours  on  8 modems. 

The  tests  were  performed  in  accordance  with  test 
level  A 1 of  MI L-STD-781B  at  GTE  Sylvania  commencing  after 
final  integration  and  checkout,  and  in  operational  field 
environments  at  Youngstown  and  Verona,  New  York. 

Extended  hours  of  failure  free  operation  after  the 
1,000  hours  mark,  as  demonstrated  by  4,200  failure  free 
hours  during  the  field  tests,  indicates  a potential  for 
considerable  improvement  in  reliability  figures  upon 
operational  deployment  of  the  modem. 

The  number  of  operating  hours  accumulated  by  the 
system  is  listed  in  Table  7. 

TABLE  7.  OPERATING  HOURS 


System 

GTE  Sylvania 

Field 

Tota 

1 

790 



790 

2 

1397 

2826 

4223 

3 

1258 

2867 

4125 

4 

1112 

— 

1112 

5 

1140 

— 

1140 

6 

1633 

— 

1633 

7 

1727 

— 

1727 

8 

1311 

— 

1311 

Total 

10368 

5693 

16061 

Detailed  results  of  the  reliability  demonstration 
test  can  be  found  in  Appendix  E of  Data  Item  A005, 
Engineering  Accomplishment  Report. 
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Maintainabilty 


A test  was  conducted  on  the  MDTS  Modem  demonstrating 
maintenance  and  repair  of  the  equipment  at  the 
Organizational  Level  of  maintenance.  The  concept  of 
maintenance  at  this  level  is  that  malfunctions  are  corrected 
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. The  associated  computed 
on  test  results  were 
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values  were  computed  in 
ethod  2,  Appendix  B. 


The  demonstration  was  accomplished  with  50  simulated 
faults,  selected  in  accordance  with  Appendix  A of 
MI L-STD- 471  for  apportionment  among  the  various 
subassemblies  according  to  their  contributions  to  the  total 
maintenance  task.  Faults  were  simulated  one  at  a time,  and 
a technician  with  20  hours  training,  a set  of  standard 
handtools,  a voltohmeter,  a technical  manual  and  a set  of 
spares  was  timed  in  the  performance  of  fault  isolation, 
repair  and  verification. 

The  utility  of  the  on-line  and  off-line  BITE  was 
successfully  demonstrated,  with  no  specific  areas  of 
maintainability  improvement  required. 


Detailed  results  of  the  maintainability 
demonstration  can  be  found  in  Appendix  F of  Data  Item  A005, 
Engineering  Accomplishment  Report. 


Human  Engineering  Demonstration 


Conformance  to  human  engineering  design  principles 
established  by  MIL-STD-1472A  was  verified  by  systematic 
examination  of  the  modem  using  an  Equipment  Adequacy 
checklist.  The  checklist  covered  the  following  categories 
for  human  factors  assessment: 
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a.  workspace  design 

b.  general  workspace  hazards 

c.  panel  layout 

d.  design  of  controls 

e.  design  of  visual  and  auditory  displays 

f.  markings 

g.  design  for  maintainability 

An  evaluation  of  the  operability  of  the  modem  was 
also  conducted  as  the  part  of  the  performance  tests.  It  was 
concluded  that  the  modem  was  suitably  operable. 

Conversion  of  the  semi-automatic  BITE  capability  to 
a fully  automatic  system  is  recommended  for  future  modems. 

The  detailed  results  of  all  testing  can  be  found  in 
Data  Item  A005,  Engineering  Accomplishment  Report. 
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SECTION  6 


GENERAL 


EQUIPMENT  AND  CONFIGURATION 


The  MDTS  hardware  has  been  constructed  with 
particular  attention  to  reliability,  maintainability,  and 
the  ease  by  which  changes  can  be  incorporated  with  minimum 
cost  impact.  The  packaging  concept  allows  for  ample  room 
for  expansion  or  changes.  There  are  seven  card  locations 
unused  and  additional  power  supply  capacity.  Additional 
panel  space  is  available  on  the  Power  Monitor  Panel  and  room 
is  available  for  additional  I/O  connections  at  the  top  of 
the  rack. 


Additional  major  considerations  in  the  design  were 
ease  of  changing  operating  data  rates  and  data  interfacing 
circuitry.  All  circuitry  which  requires  changes  when  the 
data  rate  is  changed,  employ  plug-m  modules  and/or  straps. 
All  rate  dependent  filters  are  pluggable.  Timing  circuitry 
is  changed  by  replacing  pluggable  Voltage  Controlled  Crystal 
Oscillators  (VCXO)  and  changing  digital  dividers  by  means  of 
straps.  Four  of  the  eight  modems  plus  one  set  of  spare 
cards  were  delivered  with  all  the  necessary  modules  to 
operate  each  at  the  five  data  rates.  Two  modems  were 
delivered  at  a fixed  rate  of  3.1  Mb/s  and  44  at  6.3  Mb/s. 
These  latter  four  modems  can  also  be  operated  at  any  of  the 
five  data  rates  by  using  the  prescribed  modules  supplied 
with  the  first  four  systems  on  the  spare  set.  Other  data 
rates  can  be  utilized  with  the  1.5  to  12.6  Mb/s  ranges  by 
providing  the  required  filters,  delay  lines,  VCXO's  and 
proper  strapping. 

All  input/out  drivers  have  been  located  in  the  same 
printed  circuit  card.  This  will  allow  for  interface  changes 
by  simply  replacing  one  card  with  the  required 
character istics. 

Physical  Block  Diagram  Description. 

A functional  description  of  the  MDTS  modem  was 
presented  in  Section  1.  Here,  the  modem  will  be  described 
from  the  standpoint  of  each  functional/physical  printed 
circuit  card.  The  modem  as  shown  in  Figure  50  is  a 
functional/physical  block  diagram  identifying  all  of  the 
printed  circuit  cards.  The  modulator  is  located  at  the  top 
section  of  the  diagram,  illustrating  data  inputs  on  the  left 
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Figure  50.  Functional/Physical  Block  Diagram 


and  IF  outputs  to  the  diversity  transmitter  exciters  on  the 
right.  The  demodulator  is  at  the  bottom  with  the  diversity 
receiver  IF  inputs  on  the  left  and  the  data  outputs  on  the 
right.  The  timing  circuits  are  generally  located  in  the 
center  of  the  diagram.  The  BITE  and  Power  monitor  cards  are 
shown  independent  of  the  modem  functional  flow.  The 
description  of  each  card  presented  in  the  following 
paragraphs  is  listed  alphabetically  by  the  three  letter 
designator  rather  than  attempting  to  list  them  in  order  of 
functional  flow. 

Analog  Baseband  Comb  iner  (ABC ) 

The  Analog  Baseband  Combiner  card  samples  one  of  the 
cophasal  receive  signal  outputs  from  the  finite  integrator 
card  (RFI)  and  combines  the  ABE  correction  signal  with  the 
sampled  signal  to  form  an  eye  pattern  compensated  for  past 
intersymbol  interference  The  compensated  eye  is  applied  to 
a set  of  comparators  (slicers);  the  outputs  of  which  are 
sampled  to  form  the  output  data  and  baseband  error 
information.  The  sampling  of  the  analog  eye  pattern  is 
accomplished  with  a sample  and  hold  circuit.  Two  ABC  cards 
are  used  in  the  MDTS,  one  for  the  cophasal  and  one  for  the 
quadrature  baseband  channels. 

AGC  Level  Selector _ (ALS ) 

The  AGC  Level  Selector  is  part  of  the  AGC  circuits 
required  in  the  Receiver  IF  Interface  to  the  data 
demodulator.  The  module  provides  a digital  command  to  the 
appropriate  IF/AGC  module  to  select  the  single  IF  output 
corresponding  to  the  highest  IF  input  level  of  the  four 
diversity  channels  to  be  switched  to  the  Auxiliary  Orderwire 
(Service  Channel)  Receiver  when  it  is  placed  into  operation. 
In  addition,  the  AGC  Level  Selector  interfaces  with  both  the 
Control  Panel  Monitors  (CPL)  and  the  Rack  Interface  Panel 
(RIP)  by  providing  the  required  AGC  voltage  levels  to  drive 
the  Receiver  Power  (AGC)  meter. 

Quality  Monitor,  S igna 1 -to-No i se  (A^N ) 

The  Quality  Monitor  Card  processes  the  digital  error 
magnitudes  in  the  cophasal  Baseband  channel  only  to  generate 
an  analog  level  proportional  to  the  s ignal-to-no ise- 
interference  level  at  the  PSK  Detector. 
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Adaptive  Backward  Equalizer  (ABE)  Cha nnel  Cards 
(BEC) 


The  ABE  Channel  Card  processes  the  product 
operations  and  accumulator  function  to  generate  the  ABE 
weight  vectors.  It  also  generates  the  components  of  the 
correction  vector  by  a final  product  operation. 

Each  of  the  three  cards  process  the  in-phase  (I)  and 
quadrature  components  (Q) , for  a single  delay  value  of 
intersymbol  interference.  The  basic  operation  is  error 
correlation  of  a past  signal  vector  (n  baud  times)  and  the 
averaging  of  the  correlation  values  to  generate  the  weight 
vector  . 

The  two  basic  operations  are 

W (n+1)  = E(n)  D (n-m) * + Wm(n) 
m 

and  V (n+1)  = W (n)  D (n-m) 

m n 

where*  =complex  conjugate 

D(n)  = Data  vector  at  baud 

E(n)  = Error  vector  at  baud 

( n ) = Weight  vector  at  baud  in  m'th  channel 

V (n)  - Correction  vector  at  baud  in  m'th  channel 
m 

Adapt  i ve  Backward  Equalizer  (ABE)  Control  Cards 

pBES  )' 

The  ABE  control  Card  combines  the  inphase  and 
quadrature  vector  components  from  ABE  Channel  Cards  2 and  3 
to  produce  the  I and  Q components  of  the  ABE  correction 
vector  for  past  symbol  interference  from  these  channels. 

The  two  quadrature  (I  and  Q)  processes  are  identical  and  are 
implemented  on  two  identical  ABE  Control  Cards. 

BITE  Generator  (BGA  and  BGB ) 

These  two  cards  contain  all  the  logic  necessary  to 
scan  through  all  of  the  BITE  circuits  on  the  individual 
cards  while  the  MDTS  system  is  on-line. 
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BITE  Generator  (BGC ) 

This  card  contains  transmit  signal  processing  and 
BER  error  detection  logic  used  during  off-line  testing. 

BITE  Generator  (BGD ) 

This  card  contains  the  majority  of  the  control 
logic,  error  detection  logic,  front  panel  interface  logic, 
and  lamp  driver  functions  necessary  to  provide  off-line 
BITE. 

B ITE  Generator  (BGE ) 

This  card  contains  error  detection  logic,  numeric 
display  logic,  and  ABE  test  signal  genration  circuits 
necessary  to  provide  off-line  BITE  functions.  This  card 
works  in  conjunction  with  both  the  BGD  and  BGE  cards. 

Cable  Delay  Line  (CDL) 

The  Cable  Delay  Line  card  is  a coaxial  cable  delay 
line  placed  in  the  signal  path  between  the  output  of  the  AFE 
(FED  card)  and  the  input  of  the  baseband  converter  (MBC). 

The  purpose  of  the  delay  line  is  to  delay  the  signal  around 
the  AFE  loop  so  that  the  delayed  IF  signal  and  upconverted 
error  signal  are  time  synchronous  at  the  input  to  the  FEP 
cards.  (Note:  This  additional  delay  will  be  added  to  the 
fixed  delay  lines  on  the  FEI  cards  on  any  additional 
product  ion . ) 

Data _D e coder  and  Demultiplexer  (DDD) 

The  Data  Decoder  and  Demultiplexer  Circuitry 
converts  the  received  differentially  encoded  data  from  the 
PSK  Processor  to  Bit  Rate  Data  with  clock  for  presentation 
to  the  Received  Mux  through  the  interface  drivers.  For 
parallel  operation,  the  parallel  to  serial  converter  is  not 
used  and  two  output  data  streams  plus  synchronous  clock 
signals  are  formatted.  Aided  by  the  Frame  Synchronizer 
(FSY) , the  multiplexer  data  is  stripped  from  the  received 
data  stream  using  a four-phase  clock  to  sample  and  buffer 
only  the  multiplexer  data.  Also,  the  orderwire  data  (SCBS) 
is  appropriately  gated  to  a 64-bit  FIFO  which  uses  32  kHz  as 
its  output  clock.  The  parallel  orderwire  data  is  converted 
to  a serial  stream  with  a 64-kHz  clock.  Orderwire  samples 
are  sent  to  the  Frame  Synchronizer  (FSY)  to  determine 
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correct  framing  and  synchronization.  When  loss  of  sync  is 
detected,  circuitry  automatically  routes  the  auxiliary 
orderwire  data  to  the  SCBS  output. 

Qua  1 ity  Monitor  Error  Rate  Average  (ERA) 

The  quality  monitor  error  rate  average  card 
generates  error  rate  over  either  5 minutes  or  20  seconds. 
The  error  rate  is  defined  as  values  between  1 and  9.9 
multiplied  by  a negative  power  of  ten  with  the  negative 
exponent  displayed  on  the  control  panel.  Comparisons  are 
made  on  th  pseudo-random  fill  bit  sequence. 

The  continuous  error  average  measures  the  period 
between  errors  and  then  averages  the  periods  over  a 
triangular  weight  of  past  measurements,  which  is  almost 
identical  to  an  analog  RC  time  constant  filter  weighing 
factor  equal  to  the  selected  interval. 

The  equation  for  implementing  the  averaging 
operation  is 

PAV(n  + m)  = PAy(n)  - PAy(n)  “ (m  + D /N 


PAV  = period  average  at  clock  time  n 
m = clock  pulses  between  errors  in  orderwire  bits 

N = orderwire  bits  in  measurement  period  of  5 minutes  or  20  seconds 
(1.9  x 106  or  1.25  x 105) 


Clock  rate  = orderwire 
actual  implemented  equation  is 

is 


PAV(n+m)~1  = PAV(n)_1  ” 


bit  rate  equals  6.6  kb/s.  The 
geared  to  the  cross-over  points 


N + N 


and 


The  values  of  K(PA)  are  related  to  P^  (where  P^  is  normalized  to 
orderwire  bits). 
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This  card  has  three  identical  amplifiers  which 
amplify  the  70-MHz  error  signals  used  to  correlate  the 
delayed  input  signals  in  the  12  processor  cards.  This  card 
accepts  inputs  from  the  FEE  card  and  provides  the  drive  to 
the  three  four-way  power  splitters. 


Adaptive  Forward  Equalized 


Ded  Dela} 


The  tapped  delay  line  is  the  delay  and  diversity 
summing  mechanism  of  the  four  diversity  pre-detection 
combiners.  One  is  required  per  system.  There  are  twelve 
inputs  to  the  tapped  delay  line  composed  of  one  output  from 
each  of  the  three  signal  processors  from  the  four 
diversities.  These  signals  are  summed  into  three  groups  of 
four  each  according  to  tap  delay  position.  The  signal 
summers  are  four-way  hybrid  power  summers,  followed  by 
impedance  matching  buffers  to  drive  the  high  impedance 
tapped  delay  line.  The  output  of  the  tapped  delay  line, 
about  45  dB  below  the  input,  is  amplified  and  sent  to  the 
down-converter  and  data  detection  system.  The  two  sidetap 
inputs  to  the  tapped  delay  line  are  applied  to  the  diode 
detector.  The  resulting  DC  outputs  are  proportional  to  the 
energy  in  the  first  and  third  tap  and  are  used  to  drive  the 
time  tracker. 


>tive  Forward  Equalizer  Error  Up-Converter  (FEE ) 


The  error  up-converter  card  in  conjunction  with  the 
FEA  develops  twelve  modulated  70-MHz  error  signals  which  are 
used  to  correlate  the  delayed  input  signals  in  twelve  signal 
processor  cards. 


The  inphase  and  quadrature  digital  error  signals  are 
each  delayed  by  a 3 stage  shift  register.  The  outputs  of 
the  shift  registers  are  three  pairs  of  I and  Q signals.  The 
second  pair  is  delayed  by  half  a baud  from  the  first  and  the 
third  pair  is  delayed  a baud  from  the  first.  These  delays 
correspond  to  IF  delays  generated  on  the  FED  card.  The  6 
pairs  of  error  signals  are  used  to  drive  the  three  4 phase 
modulators  that  up-convert  the  error  data  to  70  MHz  for  use 
by  the  AFE  processor  (FEP)  cards. 
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Adaptive  Forward  Equalizer  IF  Input/Fixed  Delay 
Line  (FEI ) 


The  IF  Input/Fixed  Delay  Line  Card  provides  the 
IF-to-pre-detection  combiner  interface.  One  is  required  for 
each  diversity.  On  this  card  the  IF  input  signal  is 
amplified  and  split  four  ways  in  a four-way  hybrid  power 
divider.  Three  of  the  four  identical  signals  are  sent  off 
the  card  and  form  the  multiplier  input  signals  to  the  three 
signal  processor  cards.  . 

The  fourth  output  of  the  four-way  power  divider  is 
amplified  and  drives  an  untapped  surface  wave  delay  line 
having  approximately  2.6  M seconds  delay.  The  output  of  the 
delay  line,  which  is  about  45  dB  below  the  input,  is 
amplified  and  split  three  ways  in  a hybrid  power  divider. 

The  three  outputs  from  the  three-way  divider  are  sent  off 
the  card  and  serve  as  the  correlator  signal  inputs  on  the 
three  signal  processor  cards  (FEP) . 

Adaptive  Forward  Equalizer  Processor  (Weight/Error 

Correlator)  (FEP) 


There  are  three  processor  cards  per  diversity,  each 
operating  at  a different  signal  delay  point  on  the  tapped 
delay  line.  Therefore,  a quad  diversity  pre-detection 
combiner  system  contains  a total  of  twelve  processor  cards. 
Each  processor  card  contains 


a.  A complex  multiplier  or  "weight  unit" 

b.  A complex  error  correlator 

c.  A pair  of  baseband  weight  amplifier/filters. 


(The  terminology  "complex"  refers  to  the  quadrature 
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The  undelayed  IF  Input  signal  from  the  IF 
Input/Fixed  Delay  Line  Card  is  split  in  quadrature  and 
applied  to  each  of  the  biphase  balanced  multipliers  which 
form  the  quad  phase  complex  multiplier. 

The  application  of  the  I and  Q control  signals  to 
the  complex  multipliers  completes  the  feedback  control  loop 
which  adjusts  the  gain  and  phase  at  each  tap  position  to 
provide  optimum  signal  summing  in  the  tapped  delay  line 
signal  and  diversity  summer. 


Frame  Synchronizer (FSY) 

The  frame  synchronizer  determines  the  location  of 
the  orderwire  bit  and  the  positioning  of  the  synchronization 
bits  within  the  orderwire  bit  frame  by  correlating  the 
received  decoded  data  bits  with  a locally  generated  replica 
of  the  transmitted  sync  pattern.  Once  frame  synchronization 
is  established,  the  incoming  data  stream  is  constantly 
monitored . 


The  selected  synchronization  scheme  involves  three 
synchronizer  operational  modes: 

a.  Search  mode  - The  synchronizer  attempts  to 
establish  synchronization  by  correlating  the 
incoming  orderwire  data  stream  from  the  data 
demux  with  a locally  generated  replica  of  the 
sync  sequence.  Correlations  are  made  at  the 
orderwire  bit  rate.  If  512  orderwire  bits 
have  been  checked  without  a successful 
correlation  (29  out  of  33  sync  bits)  then  the 
synchronizer  assumes  the  sampled  bits  are  not 
orderwire  bits  and  a command  to  retard  receive 
timing  by  one  baud  is  generated. 

b.  Monitor  mode  - The  circuit  is  considered 
synchronized  in  this  mode.  Continued 
correlations  of  the  sync  sequence  are 
performed  and  the  average  SNR  is  monitored  to 
insure  maintaining  sync. 


Loss  of  Signal  (LOS)  mode  - In 
resynchronization  is  attempted 
time  search. 


this  mode, 
via  a 1 imited 
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IF  Amplifiers  (IFA) 


The  70-MHz  quad-diversity  input  data  signals  are 
amplified  in  four  separate  IF  channels.  The  IF  amplifiers 
with  their  corresponding  AGC  circuits  provide  a signal  level 
of  -10  dBm  + 0.5  dB  for  the  adaptive  forward  filters  for  an 
input  range  of  -20  to  -70  dBm.  The  AGC  Level  Select  circuit 
processes  the  instantaneous  amplitude  relationship  among  the 
four  diversity  IF  channels,  and  develops  a common  AGC 
voltage  from  the  highest  IF  input  signal  level.  To 
accommodate  five  data  rates,  a linear  phase,  2 pole 
Butterworth  plug-in  filter  is  selected  to  optimize  data  rate 
per  formance . 

A 70-MHz  output  from  the  IF  amplifier  via  an  RF 
analog  switch  is  developed  for  the  auxiliary  orderwire  card 
(OWQ) . The  70-MHz  auxiliary  orderwire  signal  is 
subsequently  processed  by  the  AGC  Level  Selector  circuit 
that  selects  the  largest  IF  signal  level  of  the  four  IF 
channels. 

A secondary  input,  is  provided  to  each  IFA  to  accept 
a 70-MHz  modulated  signal  from  the  TSC  card  for  BITE  loop 
back . 

Ba  s_eb  and  Converter  (MBC  ) 

The  Baseband  Converter  receives  the  70-MHz,  4-PSK 
signal  from  the  Quad-Diversity  Predetection  Combiner, 
coherently  mixes  the  signal  to  baseband,  and  outputs  the 
filtered  in-phase  and  quadrature  components  to  the  Finite 
Integrators.  The  70-MHz  in-phase  and  quadrature  signals  at 
+ 11  dBm  are  applied  to  the  LO  ports  of  the  mixers.  In  the 
normal  operating  mode  the  QPSK  output  from  the  Quad  Combiner 
drives  a hybrid  transformer  to  produce  the  two  mixer  RF 
drive  levels  with  0 +2  phase  difference  between  channels. 

Each  of  the  coherent  quadratur  mixer  output  signals  is 
filtered  by  a separate  3-pole  Butterworth  low-pass  filter  in 
each  channel.  The  filtered  in-phase  and  quadrature  signals 
at  -14  dBm  in  50  ohms  are  outputted  to  the  Finite 
Integrators. 

PSK  Modulator (MOD ) 

The  PSK  Modulator  is  a four-phase  modulator  which 
translates  the  input  formatted  data  from  the  Transmit  Data 
Multiplexer  and  Encoder  (TDM)  to  a 70-MHz  phase-modulated 
data  output. 
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70-MHz  Reference  Genreator  (MRG) 


The  70-MHz  Reference  Generator  provides  phase  stable 
70-MHz  reference  signals  at  the  specified  eesign  amplitudes 
to  the  Adaptive  Forward  Equalizers,  the  Auxiliary  Orderwire 
RF,  PSK  Modulator,  and  Baseband  Converter.  A TTL  level 
5 -MHz  clock  reference  output  is  alos  provided  to  the  Receive 
Synthesizer  (RFS ) . 

Output  Timing  Generator  (OTG) 

The  Output  Timing  Generator  converts  the 
time-tracked  received  baud  rate  clock  to  the  data  output 
clock  utilziing  a type  2-phase  lock  loop.  It  is  used 
primarily  as  a stable  phase  output  clock  to  permit  clocking 
of  time  division  multiplex  (TDM)  equipment.  The  data  output 
clock  and  twice  the  data  output  clock  are  sent  to  the  Data 
Decoder  and  Demux  (DDD)  for  timing  purposes. 

The  OTG  also  contains  a 64  kHz  genertor  circuit. 

Its  primary  purpose  is  to  genrate  a 64-kHz  reference 
frequency  to  the  Data  Decoder  and  Demux  (DDD) . It 
additionally  provides  a 2.56-MHz  output  to  the  AUX 
Orderwire.  A phase  lock  loop  generates  the  64  kHz  and  the 
2.56  MNz  based  on  a 12.8-MHz  VCXO  and  divider  chain  which  is 
synchronized  with  its  associated  bit  rate  clock(s)  to 
achieve  phase  coherency.  All  output  signal  levels  are  TTL 
compatible. 


119 


Aux i 1 iar y Orderwire  Analog  Quantizer  (OWQ) 

The  70  MHz  IF  input  signal  to  the  Auxiliary 
Orderwire  Analog  Quantizer  comes  from  the  IFA  cards  via  four 
analog  IF  switching  circuits.  Only  the  strongest  IF  channel 
is  used  as  established  in  the  AGO  Level  Selector  Circuit 
(ALS).  The  signal  is  processed  through  an  85  kHz  wide 
crystal  filter  to  limit  the  noise  bandwidth  consistent  with 
64  Kb/s.  The  signal  is  baseband  converted  into  I and  Q 
channels.  These  signals  are  applied  to  the  comparator 
circuits  which  make  eight  decisions  relative  to  the 
magnitudes  of  the  two  analog  signals.  From  this,  a four-bit 
word  is  generated  that  represents  the  phase  of  the  incoming 
RF  signal  with  respect  to  the  internally  generated  70-MHz 
RF.  This  four-bit  word  is  further  processed  in  the  Time 
Tracking  card  (OWT) . 

AOW  Time  Tracker  (OWT) 

The  two  inputs  to  this  card  are  a four-bit  word, 
derived  on  the  Analog  Quantizer  Card  and  a 2.56-MHz  clock. 
The  two  outputs  are  a 64  Kb/s  data  stream  (SCBS)  and 
synchronous  64-kHz  clock. 

The  four-bit  word  at  the  input  of  this  card 
represents  the  instantaneous  relative  phase  of  the  70-MHz  IF 
signal  presented  to  the  Analog  Quantizer.  The  time  tracking 
card  samples  this  phase  information  at  a rate  16  times  per 
baud  and  compares  each  sample  with  the  best  sample  from  the 
previous  baud.  A subtracter  and  a data  decoder  make  the 
comparison,  the  output  being  two  bits,  equivalent  to  the 
transmitted  information. 

Each  baud  is  separated  into  an  early  and  a late 
period,  which  contains  eight  samples  apiece.  An  up-down 
counter  monitors  one  of  the  data  bits  and  counts  up  for  ones 
during  the  early  period  and  down  for  ones  during  the  late 
period.  The  sampling  pulse  used  to  output  data  from  this 
system  occurs  between  the  up  and  down  counts.  An  early/late 
decoder  analyzes  the  up-down  counter  and  makes  a decision 
whether  to  advance,  retard,  or  leave  alone  the  sampling  time 
such  that  the  count  will  tend  toward  zero.  These  decisions 
are  passed  to  an  excess  up/down  counter.  When  this  counter 
overflows,  timing  is  advanced,  when  it  underflows,  timing  is 
retarded.  Each  time  the  timing  is  altered,  the  excess 
counter  is  returned  to  its  mid-position. 
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The  final  function  of  the  time  tracking  card  is  to 
generate  a 64  kHz  clock  and  multiplex  the  two-bit  data  word 
into  a single  64  K baud  data  stream  (SCBS) . 

Power  Supply  Monitor  (PPM) 

The  Power  Supply  Monitor  Card  monitors  the  AC  input 
and  DC  output  voltages  of  the  power  supply  modules.  It 
illuminates  the  "Power  Supply"  fault  lamp  and  sounds  the 
Audio  Alarm  in  the  event  any  of  these  voltages  exceeds 
normal  operating  limits  either  high  or  low. 

Receive  Control  Function  (RCF) 

The  Receive  Control  Function  card  contains  several 
circuits  associated  with  receive  signal  processing  and 
off-line  BITE  functions.  The  receiver  related  circuits 
include  the  FEE  card  clock  generating  circuit,  re-adapt 
command  processing  circuit,  VICOM  multiplexer  mode  fill  bit 
verification  circuit,  and  the  ABE  reset  generation  circuit. 
The  BITE  circuits  include  the  off-line  test  AFE  fault 
detection  circuit  and  the  off-line  BITE  orderwire  and 
traffic  data  generators. 

Finite  Integrators  (RFI) 

The  Finite  Integrators  employ  two  passive  matched 
filters,  one  each  for  each  of  the  two  baseband  data  stream 
outputs  from  the  Baseband  Converter.  The  matched  filter 
implementation  insures  optimum  definition  of  the  orthogonal 
components  of  the  baud  vector  with  minimum  circuit 
complexity. 

Receive  Synthesizer  (RFS ) 

The  Receive  Synthesizer  provides  the  reference  baud 
rate  clock  to  the  adaptive  time  tracking  circuitry  in  the 
receiver.  It  also  provides  the  transmit  bit  rate  clock  to 
the  Transmit  Mux.  This  is  accomplished  through  the  use  of 
two  phase  locked  loops  (PLL).  The  transmit  bit  rate  clock  is 
developed  by  referencing  a PLL  to  the  5-MHz  standard  and 
selecting  an  appropriate  divide  down  to  send  to  the  Transmit 
Mux.  The  reference  baud  rate  clock  is  developed  by 
referencing  a PLL  to  the  bit  rate  clock  above  and  selecting 
the  0 dBm,  50  ohm  output  off  the  VCXO  to  send  to  the 
Adaptive  Time  Track  circuitry. 


121 


Receive  Data  Rate  Generator  ( RRG ) 


The  Receive  Data  Rate  Generator  converts  the 
time-tracked  received  baud  rate  clock  to  the  data  output  Mux 
clock  utilizing  a Type  2 phase-locked  loop.  The  RRG  also 
provides  a four-phase  baud  rate  clock  to  the  receive  data 
demux  along  with  timing  gates  for  proper  synchronization. 

The  RRG  allows  its  input  divide  chain  to  be  retarded  by  one 
count  or  advanced  by  two  counts  on  command  to  assist  the 
frame  synchronizer  in  its  search  routine.  It  also  provides 
the  orderwire  baud  sample  used  by  the  frame  synchronizer 
( FSY ) to  locate  the  orderwire  baud.  In  addition,  the  baud 
slip  detection  circuits  and  re-adapt  command  generation 
circuits  are  located  on  this  card.  All  signal  level  outputs 
are  TTL  compatible. 

Transmit  Data  Multiplexer  and  Encoder  (TDM) 

The  Transmit  Data  Multiplexer  and  Encoder  retimes 
the  two  data  channels  for  inclusion  of  orderwire  data,  mux's 
the  data  with  the  orderwire  data  (with  sync  bits) , reads  the 
combined  data  plus  orderwire  at  the  data  rate,  and  encodes 
the  data  with  a Gray  code  to  convert  the  two  data  bits  per 
baud  to  a set  of  two  PSK  bauds. 

The  Orderwire  Multiplexer  section  of  the  card  splits 
the  incoming  64  Kb/s  Service  Channel  Bit  Stream  into  two  32 
Kb/s  data  streams.  It  also  provides  FIFO  storage  for  the 
data,  since  the  data  is  continuously  read  in  at  32  kHz  and 
read  out  at  a gated  (160  out  of  193)  38.6  kHz  rate.  Two 
codes  are  generated,  each  33  bits  long,  with  a sequence 
generator  clocked  at  38.6  kHz  and  gated  at  33  out  of  193. 

One  is  the  sync  code  and  the  other  is  the  stuff  code.  Sync 
code  is  sent  at  the  beginning  of  each  frame.*  The  sync  code 
is  stuffed  between  blocks  of  orderwire  data.  Thirty-three 
sync  or  stuff  bits  follow  each  160  orderwire  data  bits. 

Final  data  plus  code  is  clocked  out  with  the  38.6  kHz  clock. 

Multiplexer  Data  Retime  (TDR) 

The  Multiplexer  Data  Retime  Card  derives  bit  and 
baud  rate  clocks  from  the  incoming  data  stream(s)  (MBS(s)) 
when  these  clocks  are  not  supplied  and  multiplexes  a single 
serial  data  stream  into  two  streams  clocked  at  the  baud  rate 


*For  the  12.55200  MHz  family,  25  filler  bits  complete  the 
f r ame . 
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each  taking  alternate  bits;  2 bits/baud.  When  two  data 
streams  are  present,  the  circuit  adjusts  the  phase  of  one 
channel  to  bring  it  close  enough  in  phase-sync  with  the 
other  allowing  the  baud  rate  clock  to  sample  mid-bit. 

Transmit  Data  Rate  Generator  (TRG ) 

The  Transmit  Data  Rate  Generator  converts  the 
Transmit  Multiplexer  bit  rate  clock  to  the  desired  MDTS  baud 
rate  clock.  A Type  2 phase  locked  loop  (PLL)  is  utilized  to 
assemble  the  input  data  stream  with  framed  orderwire 
information.  This  loop  insures  a phase  lock  between  the 
input  data  stream  and  the  output  data  stream  without  loss  of 
data.  This  section  of  the  TRG  provides  a four-phase  clock,  a 
timing  gate  and  the  orderwire  baud  rate  clock  to  the 
Transmit  Data  Mux  and  Encoder  (TDM)  for  proper  data  phasing 
and  for  proper  orderwire  data  to  orderwire  sync  bit  framing. 

The  TRG  also  contains  a 64-kHz  generator  circuit. 

The  primary  purpose  of  this  unit  is  to  provide  the  64-kHz 
reference  frequency  to  operate  the  orderwire.  It  also 
provides  a 32-kHz  clock  to  the  Transmit  Data  Mux  and  Encoder 
and  Orderwire  Mux.  A phase  locked  loop  generates  the  64-kHz 
based  on  a 12.8-MHz  VCXO  and  divider  chain  which  is 
synchronized  with  its  associated  bit  rate  clock(s)  to 
achieve  phase  coherency. 

Spectrum  Controller (TSC ) 


The  Spectrum  Controller  provides  control  of  the 
modulated  70  MHz  bandwidth  and  variable  power  output  to  the 
Transmitter  Exciter.  The  70  MHz  input  bandwidth  is 
controlled  by  a plug-in,  3-section  Butt'erworth  bandpass 
filters.  The  selected  3 dB  bandwidths  of  13.3  MHz  or  8.9  MHz 
process  the  MDTS  IF  output  signals  to  contain  99  percent  of 
the  signal  power  within  15  MHz  and  10  MHz,  respectively.  The 
RF  output  is  matched  to  drive  a 50  ohm  hybrid  junction  power 
splitter.  The  hybrid  junction  is  connected  to  provide  two 
in-phase  output  ports  to  the  exciter.  The  output  range  (zero 
to  +17  dBm)  of  the  two  hybrid  junction  output  ports  is 
established  by  the  manual  gain  control  of  the  RF  amplifier. 

A sample  of  the  +17  dBm  70  MHz  signal  is  attenuated  and 
power  divided  into  four  separate  loop  test  signals,  each 
attenuated  to  -45  dBm.  These  four  signals  provide  loop  test 
sources  to  feed  the  quad-diversity  IF  amplifiers  (IFA)  for 
off-line  BITE. 
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Time  Tracker  Weight  Detector  (TTD ) 

The  time  tracker  weight  detector  card  produces  a 
phase  error  sigial  from  the  difference  between  the  detected 
outputs  of  the  first  and  third  AFE  Taps.  The  error  signal  is 
digitized  and  outputted  to  the  TTF  card.  The  TTF  card  timing 
signals  are  also  derived  from  the  64-kHz  clock  on  this  card. 

Time  Tracker  Digital  Filter  (TTF) 

The  TTF  low  pass  filters  the  phase-error  signal  from 
the  TTD  card  and  produces  the  sine  and  cosine  of  the 
filtered  phase  error.  The  digital  filter  is  equivalent  to  a 
filter  with  the  transfer  function 


„ _ 2_192000  ( 99  + Cl  ) ; c»  = clock  rate. 

Kf  JT  V Ms  / M = 1,  2,  4,  8,  16. 

The  sine  and  cosine  output  is  then  produced  by  a 
digital  sine/cosine  converter. 

Time  Tracker  Phase  Shifter  (TTS) 

The  phase  shifter  accepts  the  sine  and  cosine 
outputs  of  the  digital  filter,  and  also  a tone  from  the 
demodulator  synthesizer.  The  phase  of  the  tone  is  shifted  by 
the  angle,  determined  by  the  sine  and  cosine  inputs.  The 
digital  sine  and  cosine  inputs  are  converted  to  analog  by 
two  DAC's.  The  DAC ' s drive  the  IF  ports  of  two  double 
balanced  mixers.  The  input  tone  is  amplified,  then  split  by 
a Q-degree  hybrid.  The  two  hybrid  outputs  drive  the  L.O. 
ports  of  the  balanced  mixers.  The  outputs  of  the  mixers  are 
summed  in  a quadrature  hybrid,  then  filtered  and  amplified. 
The  input  tone  is  at  a frequency  equal  to  four  times  the 
baud  rate.  Therefore  it  varies  from  3 to  25  MHz.  The  input 
and  output  RF  levels  are  0 dBm. 

Video  Input/Output  Interface  (VIO ) 

The  video  input  lines  are  two  data  lines  and  two 
clock  lines.  All  four  inputs  are  needed  to  interface  with 
two  TD-968  multiplexers  in  parallel.  A single  Walburn  key 
generator  would  use  one  data  line  and  one  clock  line,  a 
single  VICOM  multiplexer  would  use  just  one  data  line,  two 
VICOM  4004  or  AN/GSC-24(U)  multiplexers  will  use  both  data 
lines. 
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There  are  four  identical  circuits  on  the  input 
section  of  this  card.  The  function  of  each  circuit  is  to 
translate  the  +0.5  volts  to  +3.0  volts  at  78  ohms  input 
levels  to  standard  TTL  levels  of  0.2  volts  to  3.4  volts.  All 
lines  are  balanced. 

The  Video  Output  Interface  Circuit  provides  the 
digital  output  signal  interface  to  the  external 
multiplexer (s)  and/or  encryption  devices.  Seven  identical 
circuits  are  provided.  The  inputs  are  at  TTL  levels.  The 
desired  outputs  are  +0.5  volts  to  +3.0  volts  depending  on 
the  multiplex  equipment  or  key  generator  used.  The  output 
impedance  is  78  ohms.  Two  data  and  associated  clock  lines 
are  provided.  Also,  their  identical  mux  clock  lines  are 
provided  to  clock  the  transmitting  mux  units  if  desired. 

BITE 

Requirements  for  MDTS  built-in  test  equipment  (BITE) 

include: 

a.  Facilities  to  monitor  DC  voltages 

b.  GO/NO  GO  fault  location  capability  to  the 
circuit  card  level. 

c.  Operation  without  interruption  of  normal 
traffic  data. 

d.  Test  points  (color  coded)  on  each  circuit 
card . 

e.  Metering  facilities  to  insure  proper  operation 
of  the  equipment. 

A multilevel  test  facility  has  been  incorporated  to 
meet  these  requirements.  The  first  level  involves 
performance  monitoring  of  the  operating  system  via  the 
control  panel  quality  monitor  indicators.  These  indicators 
display  average  received  power  to  the  modem,  bit  error  rate 
based  on  the  received  synchronization  sequence,  and  received 
S/N  ratio  based  on  error  at  the  output  of  the  demodulator 
detector.  Periodic  monitoring  of  these  control  panel 
indicators  provides  an  indication  of  proper  on-line 
operation  of  the  equipment.  The  second  level  is  the  on-line 
BITE. 
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The  on-line  BITE  monitors  the  fault  status  of 
selected  MDTS  circuit  cards  by  periodically  scanning  the 
fault  status  lines  generated  by  each  card.  A fault 
indication  on  one  or  more  lines  results  in  sounding  of  the 
fault  alarm  and  display  of  a card  associated  number  on  an 
operation/control  panel  numeric  indicator.  The  on-line  BITE 
continuously  scans  the  fault  lines  during  normal  on-line 
operation. 

The  on-line  BITE,  while  quite  effective,  will  detect 
only  about  70  percent  of  all  possible  fault  situations  in 
the  MDTS.  To  further  aid  in  fault  isolation  a third  level, 
the  off-line  BITE,  has  been  included.  The  off-line  BITE 
generates  special  internal  test  signals  and  establishes 
internal  test  loop  back  paths  within  the  MDTS  as  a function 
of  a test  select  switch  on  the  operational/test  panel. 

System  response  to  the  test  signals  is  analyzed  to  determine 
if  a card  or  a group  of  cards  is  malfunctioning.  Fault 
information  is  displayed  to  the  operator  via  an 
operational/test  panel  numeric  display.  Test  signal 
generation  and  system  response  analysis  are  performed 
automatically  upon  initiation  of  the  test  via  a pushbutton 
on  the  control  panel.  It  is  necessary  to  take  the  MDTS 
off-line  via  the  test/operate  switch  to  use  this  BITE. 

The  fourth  level  of  BITE  is  test  points.  Color  coded 
test  points  are  provided  on  each  card  and  are  accessible 
without  putting  the  card  on  an  extender. 

A special  power  supply  monitor  circuit  monitors  DC 
voltage  levels  within  the  power  subsystem  and  sounds  an 
audible  alarm  whenever  any  one  of  the  5 DC  voltages  goes 
above  or  below  specified  limits. 

INTERFACES 


All  interfacing  connections  to  the  MDTS  are  made  at 
the  I/O  panel  located  at  the  top  of  the  rack.  There  are  five 
types  of  interfaces,  namely  AC  power,  video,  orderwire, 

I.F.,  and  remote  monitoring.  Figure  51  depicts  the  rack 
panel  connector  interface. 

The  AC  power  is  120  VAC  + 10  percent,  1 0,  47-63  Hz. 
It  is  a 3-wire  input,  phase,  neutral,  and  safety  ground. 
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The  video  lines  are  the  MBS  and  timing  from/to  the 
interfacing  multiplexer  units  at  the  selected  data  rates. 
These  provide  the  primary  digitized  data  to  be 
transmitted/received  over  the  troposcatter  link.  Provision 
is  made  for  accepting  two  parallel  non-phased  data  inputs 
with  associated  clocks,  if  available,  to  the  modulator,  (4 
inputs).  There  are  two  receive  (output)  data  lines  and 
three  associated  receive  clock  lines.  In  addition,  two 
identical  mux  clocks  are  made  available.  The  mux  clocks  may 
be  used  to  clock. the  transmitting  multiplexers  if  so 
desired.  Each  of  these  lines  are  balanced,  78  ohms  + 10 
percent  from  a maximum  of  + 3 volts  to  a minimum  of  + 0.5 
volts  bipolar  signals.  TNC  twinax  connectors  are  used  with 
type  RG-108A  cable.  All  of  the  signals  are  converted  to  TTL 
levels  on  the  VIO  card. 

The  orderwire  interfaces  consist  of  one  set  each  of 
a 64-Kb/s  data  and  clock  input  and  output.  The  interface 
levels  are  + 6 volts,  MIL-STD-188C  levels.  For  consistency, 
the  same  TNC  twinax  connectors  and  RG-108A  cables  are  used. 

Seven  50  ohm  IF  interfaces  are  available.  The 
station  clock  input  is  a 1 VRMS,  50  ohms  5 MHz  sine  wave 
used  for  all  MDTS  timing.  The  four  receiver  inputs  (quad 
diversity)  are  50  ohm  70  MHz  signals  from  the  troposcatter 
receiver.  The  input  signal  range  is  specified  to  be  between 
-70  and  -?0  dBm.  Only  two  of  the  four  inputs  would  be  used 
in  a dual  diversity  mode  of  operation.  The  two  transmitter 
outputs  are  5u  ohms  70  MHz,  with  an  adjustable  output  power 
between  0 and  +17  dBm.  Both  outputs  are  identical  supplying 
drive  to  two  transmitter  exciters  for  quad  diversity 
operation.  For  dual  diversity  operation,  only  one  output 
would  be  used. 

The  remote  monitoring  interface  provides  for  remote 
alarming  and  monitoring  of  the  MDTS  (as  shown  in  Table  8). 

Table  8 lists  all  the  rack  panel  interface  signals 
and  their  associated  connector  number. 
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Figure  51.  MDTS  Interface  Diagram 
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OPERATIONAL/TEST  PANEL  DESCRIPTION 


The  Operational/Test  Panel  (Figure  52)  located  at  the 
uppermost  section  of  the  rack  contains  all  controls  and 
indicators  used  in  the  operation  test  and  maintenance  of  the 
MDTS  except  the  power  monitors  and  adjustments. 

The  operational  function  of  each  control  and 
indicator  is  as  follows: 

a.  Bit  Error  Rate  Interval  5 min/20  sec  - This 
two-position  toggle  switch  determines  the  time 
interval  (5.0  minutes  or  20  sec)  over  which  the 
bit  error  rate  (BER)  sample  is  measured. 

b.  Bit  Error  Rate  Indicator  - This  seven  segment 
LED  indicator  displays  the  bit  error  rate  (BER) 
as  a negative  exponent  (power  of  10).  For 
example  the  number  5 would  indicate  the  BER  was 
between  2 and  9 x 10~^. 

c.  SNR  Meter  - This  meter  indicates  the  relative 
signal-to-no ise  (SNR)  ratio  as  determined  by 
the  vector  error  components  being  processed  in 
the  demodulator  circuitry.  Full  scale  reading 
is  -lOdBm  to  +30dBm.  Meter  calibration  can  be 
checked  via  a switch  located  on  the  Power 
Monitor  Panel. 

d.  Receive  Power  (AGC)  - This  meter  indicates 
received  signal  power  by  displaying  the 
selected  AGC  voltage  or  the  difference  between 
the  selected  AGC  voltage  and  the  AGC  voltage 
for  a particular  receiver  as  determined  by  the 
Channel  Select  Switch.  Full  Scale  reading  is 
-70  to  -20  dBm  (Black  Scale)  for  the  selected 
AGC  voltage  and  0 to  -20dB  (red  scale)  for 
individual  receivers). 

e.  Fault  Monitor  Power  Supply  - The  RED  indicator 
illuminates  when  any  system  in  DC  voltage 
varies  more  than  + 10  percent  about  nominal 
value  or  if  the  primary  line  voltage  is  10 
percent  greater  or  10  percent  less  than  the 
nominal  120  VAC. 
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f.  Fault  Monitor,  Blower  - This  RED  indicator 
illuminates  when  a thermal  overload  is  detected 
by  a temperature  sensor  located  on  the  +5  VDC 
power  supply. 

g.  Fault  Monitor,  Circuit  Module  Display  - This 
two  digit  seven  segment  LED  indicator  displays 
fault  information  in  both  on-line  and  off-line 
test  modes.  During  the  on-line  test  mode  the 
displayed  number  (00  to  34)  is  associated  with 
a particular  malfunctioning  circuit  card. 

During  off-line  testing  the  displayed  number  is 
associated  with  a particular  failed  subtest.  In 
both  modes,  the  display  is  blanked  when  no 
fault  is  detected. 

h.  Fault  Monitor,  Circuit  Module  Advance  - This 
momentary  push  button  switch,  when  depressed, 
forces  the  fault  monitor  sequencer  to  continue 
its  cycle  until  a new  fault  number  is  displayed 
or  the  original  fault  number  is  displayed. 

This  switch  functions  only  if  the  sequencer  has 
stopped  on  a fault  and  does  not  operate  in  the 
off-line  test  mode. 

i.  Fault  Monitor  Audio  Alarm  Reset  - This 
momentary  push  button  switch,  when  depressed, 
disables  the  Audible  Alarm.  The  Audible  Alarm 
is  re-energized  whenever  a new  fault  is 
detected  or  the  Fault  Monitor  is  recycled  by 
the  Fault  Monitor  Circuit  Advance  Switch  or  any 
other  maintenance  operation  such  as  the  removal 
of  selected  printed  circuit  cards. 

j.  Frame  Status,  Loss  - This  RED  indicator 
illuminates  whenever  Order  Wire  Framing  is 
lost.  It  remains  illuminated  until  Frame 
Synchronization  is  established  or 

r e-establ  ished . 

k.  Frame  Status,  Acquire  - This  GREEN  indicator 
illuminates  whenever  Order  Wire  Framing  is 
established  or  re-established.  The  Acquire 
light  is  illuminated  whenever  the  Loss  light  is 
extinguished;  and  is  extinguished  whenever  the 
Acquire  light  is  illuminated. 
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Aux  Order  Wire,  Xmit,  On  - This  WHITE  indicator 
illuminates  whenever  the  transmitter  auxiliary 
order  wire  is  enabled.  Note:  The  Receive  Aux 

Order  Wire  is  automatically  selected  upon  loss 
of  order  wire  frame  synchronization. 

m.  Aux  Order  Wire,  Xmit  Switch  - This  two-position 
toggle  switch  selects  the  auxiliary  order  wire 
mode  of  transmission  when  placed  in  the  up 
position.  The  down  position  restores  normal 
order  wire  operation. 

n.  Modem  Initialize  - This  momentary  push  button 
switch  provides  for  certain  reset  functions  and 
changes  in  system  time  constants  during  initial 
system  turn-on  or  after  certain  fault 
conditions.  This  switch  is  provided  with  a 
guard  to  prevent  accidental  actuation  during 
normal  operation. 

o.  Channel  Select  - This  five-position  rotary 
switch  determines  which  AGC  voltage  is 
displayed  on  the  Receive  Power  AGC  meter.  The 
switch  selects  either  the  selected  receiver  AGC 
(COMB)  or  the  difference  between  the  selected 
AGC  voltage  and  any  of  the  four  independent  AGC 
voltages. 

p.  Power  On  - This  WHITE  indicator  illuminates 
whenever  AC  power  is  applied  to  the  MDTS  by 
means  of  the  power  on/off  switch. 

q.  Power  On/Off  - This  two-position  Circuit 
Breaker  Toggle  Switch  when  actuated  provides 
primary  power  to  the  MDTS.  The  circuit  breaker 
functions  provide  overall  primary  power 
protection.  An  overload  will  cause  the  switch 
to  drop  to  the  OFF  position.  The  MDTS  is 
re-energized  by  moving  the  switch  to  the  ON 
pos  it  ion . 

r.  Operational/Test  Mode,  Operate/Test  Switch  - In 
the  operate  position,  this  two-position  toggle 
switch  places  the  MDTS  in  the  normal 
operational  mode.  In  the  test  position  the 
MDTS  is  placed  in  an  off-line  condition  for  the 
purpose  of  performing  various  off-line  tests. 
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s.  Test  Select  - This  12-position  rotary  switch 
selects  one  of  a series  of  11  off-line  looping 
tests  which  aid  in  further  determining  the 
location  of  a given  fault.  The  switch  is 
generally  operated  from  the  lowest  number  to 
the  highest  in  order  that  progressively  larger 
portions  of  the  system  are  added  to  the  test 
sequence.  Position  twelve  is  an  open  position 
with  no  associated  test. 

t.  Test,  In  Process  - This  WHITE  indicator 
illuminates  whenever  one  of  the  11  off  line 
tests  are  in  process. 

u.  Test,  No  Go  - This  RED  indicator  illuminates 
whenever  any  one  of  the  11  tests  fails  to  pass. 
A Fault  Monitor,  Circuit  Module  Fault  Number 
will  also  be  displayed. 

v.  Test,  Go  - This  GREEN  indicator  illuminates 
whenever  a test  sequence  has  successfully 
passed  . 

w.  Test  Normal/Continuous  - This  two-position 
switch  determines  whether  the  selected  test 
cycle  will  cycle  one  time  (NORMAL),  or  if  the 
cycle  will  continue  until  a new  test  is 
selected  or  the  switch  is  placed  in  the  NORMAL 
mode.  In  the  continuous  mode,  the  In  Process 
Indicator  will  remain  illuminated.  The 
continuous  mode  is  generally  used  when  probing 
printed  circuit  card  test  points  or  other  more 
detailed  troubleshooting. 

x.  Test  Initiate  - This  momentary  push  button 
switch  is  used  to  initiate  both  on-line  and  off 
line  tests. 

y.  Lamp  Test  - This  momentary  push  button  switch, 
when  depressed,  appies  a lamp  test  voltage  to 
all  indicators,  including  all  8's  on  the 
numeric  indicators.  The  Audio  Alarm  is  also 
enabled  . 
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z.  Audio  Alarm  - The  audio  alarm  located  behind 
the  panel  sounds  whenever  any  one  of  the 
following  faults  occurs: 

Circuit  Module  Fault 
Power  Supply  Fault 
Blower  Fault 
Frame  Status  - Loss. 

The  audio  alarm  can  be  reset  by  depressing  the 
Audio  Alarm  Reset. 

Power  Monitor  Panel 

The  Power  Monitor  Panel,  Figure  53,  is  located  behind 
the  door  on  the  uppermost  section  of  the  printed  circuit 
card  nest,  and  contains  all  the  controls  and  indicators  used 
in  the  operation  and  maintenance  of  the  power  supplies. 

The  operational  function  of  each  control  and 
indicator  is  as  follows: 

a.  AC  Voltmeter  - This  meter  calibrated  in  VAC 
(RMS)  monitors  the  primary  line  voltage. 

b.  DC  Voltmeter  - This  meter  calibrated  in  VDC 
measures  the  selected  DC  voltage. 

c.  DC  Volts  Select  - This  five  position  rotary 
switch  selects  either  the  -15,  -5,  +5,  +15,  or 
+24  DC  voltage  for  monitoring  on  the  DC 

vol tmeter . 

d.  CBl  through  CB5  - These  five  toggle  type 
circuit  breakers  provide  primary  and  secondary 
protection  for  the  +24,  +15,  +5,  -5,  and  -15 
VDC  power  supplies.  Specific  over-current 
conditions  will  cause  the  associated  circuit 
breaker  to  open.  The  breaker  is  reset  by 
moving  the  toggle  switch  to  the  ON  position 
after  the  overload  condition  has  been  removed. 

e.  TP1  through  TP6  - Five  test  points  are  used  to 
monitor  the  DC  voltages  (+24,  +15,  +5,  -5,  and 
-15  DVC ) with  an  external  meter.  TP6  is  a 
common  ground  return  for  all  DC  voltages. 

These  test  points  accept  a standard  0.080-inch 
diameter  test  probe. 
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Figure  53.  Power  Monitor  Panel 


f.  Voltage  Adjustments  - These  five  potentiometers 
provide  for  remote  adjustment  for  each  of  the 
DC  voltages  (+24,  +15,  +5,  -5,  and  -15  VDC) . 
They  will  be  used  in  conjunction  with  the  DC 
voltmeter  or  an  external  meter  connected  to  the 
appropriate  test  points. 

g.  Blower  Circuit  Breaker  - This  push  pull  type 
breaker  provides  primary  power  protection  to 
the  MDTS  blower.  An  overcurrent  condition  in 
the  blower  will  cause  this  breaker  to  trip. 

The  breaker  is  set  by  pushing  the  plunger  in 
after  the  overload  condition  has  been  removed. 

h.  S/N  Meter  Calibrate  Switch  - This  toggle  switch 
is  used  to  check  the  S/N  meter  calibration. 
Positioning  the  switch  to  the  high  position 
should  cause  the  S/N  meter  to  indicate  the  high 
green  calibration  marker  on  the  meter.  Moving 
the  switch  to  the  lev  position  should  cause  the 
meter  to  indicate  the  low  green  calibration 
marker  on  the  meter.  The  meter  indicates 
actual  receive  S/N  with  the  switch  in  the  off 
posit  ion . 

i.  Elapsed  Time  Meter  - This  indicator  records 
operating  time  of  the  MDTS. 

Power  Subsystem 


The  MDTS  modem  is  required  to  operate  from  120  volts 
+ 10  percent,  10,  47  to  63Hz  primary  power.  The  power 
subsystem  converts  this  input  to  the  required  DC  voltage. 

It  also  includes  meters,  test  jacks,  and  controls  for 
on-line  fault  isolation  and  voltage  adjustment.  A 
Performance  Monitor  will  provide  continuous  automatic 
monitoring  of  the  DC  voltages  and  the  input  AC  voltage. 
Figure  54  is  a block  diagram  of  the  power  subsystem. 

Primary  power  enters  the  rack  through  a connector  located  on 
the  top  of  the  equipment  rack,  passes  through  the  RFI 
filters,  and  then  proceeds  to  the  main  system  circuit 
breaker  located  at  the  Operational/Test  Panel.  The  circuit 
breaker  is  a magnetic  dual-trip  type  which  will  interrupt 
both  sides  of  the  AC  line. 


The  five  AC/DC  power  modules  are  located  on  a frame 
behind  the  Card  Nest  Assembly.  The  monitoring  components, 
and  overvoltage  protectors  are  located  on  the  power  monitor 
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panel.  The  + 24  VDC , +15  VC  and  -15  VDC  power  supplies  are  of 
the  series  regulated  type  which  have  over  current  protection 
within  each  power  module.  Overvoltage  protection  is 
provided  by  external  overvoltage  detector/crowbar  modules. 
Each  module  is  protected  by  a two  pole  magnetic  circuit 
breaker.  One  pole  interrupts  the  primary  circuit  in  the 
event  of  an  overload  condition.  The  other  pole  will  open 
the  overvoltage  shunt  to  prevent  burnout  which  could  occur 
if  and  only  if  the  module  was  short  circuited  (crowbarred) 
for  some  time. 

The  +5  VDC  and  -5  VDC  power  supplies  are  switching 
regulator  types  which  are  more  efficient,  paiticularly  at 
the  low  DC  voltages.  They  have  internal  overcurrent 
limiting  and  also  internal  overvoltage  protection.  The 
input  circuit  is  protected  by  a single  pole  magnetic  circuit 
breaker.  Both  the  series  and  switching  power  suppliers  are 
encapsulated,  sealed  units,  repairable  at  the  factory. 

The  Power  Supply  Performance  Monitor  consists  of  AC 
and  DC  level  detector  circuits  which  will  continuously 
monitor  the  AC  input  to  the  power  modules,  and  the  DC  output 
of  each  supply.  In  the  event  any  DC  output  is  beyond  10 
percent  of  its  normal  operating  voltage,  or  the  AC  line 
exceeds  the  limits  of  120  + 10  volts,  the  Performance 
Monitor  illuminates  the  FAULT  lamp  on  the  Operational 
Maintenance  Control  Panel  and  sounds  the  audible  alarm.  A 
time  delay  circuit  prevents  fault  indications  during  normal 
turn-on . 


The  meters,  test  jacks,  and  meter  selector  switch  are 
located  on  the  Power  Control  Panel  (see  Figure  11).  An  AC 
voltmeter  provides  a continuous  indication  of  the  AC  input 
to  the  power  modules.  A DC  voltmeter  and  selector  switch 
allows  measurement  of  all  DC  outputs.  Voltage  adjustment  of 
all  supplies  is  performed  from  controls  on  this  panel.  Test 
jacks  are  co-located  with  the  controls  for  use  of  external 
test  equipment  when  desired. 

Power  is  also  provided  to  the  blower  located  in  the 
bottom  of  the  equipment  rack.  A magnetic  circuit  breaker 
for  this  blower  is  co-located  with  the  DC  power  supply 
circuit  breakers.  A push-pull  actuator  was  used  here  to 
distinguish  it  from  the  power  supply  breakers.  A 
thermostatic  switch  located  on  the  +5  VDC  power  supply  heat 
sink  will  actuate  the  blower  fault  lamp  and  audible  alarm 
located  on  the  Operational/Test  Panel  in  the  event  of 
equipment  overheating.  The  heat  sink  on  the  +5  VDC  power 
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supply  will  have  the  fastest  temperature  rise  if  the  blower 
fails.  If  the  blower  circuit  breaker  is  inadvertently  left 
off  the  "Power  Fault"  and  audible  alarm  will  sound. 

Table  9 below  is  a summarization  of  the  DC  power 
available  from  each  power  supply  and  that  required  of  the 
MDTS  during  normal  operation  at  room  temperature,  120  VAC, 
60  Hz. 


TABLE  9.  DC  POWER 


Voltage 

Available  (amps) 

Required  (amps) 

+ 24 

1.5 

0.  6 

+15 

6.0 

3.  6 

+ 5 

45.  0 

33.0 

-5 

2.0 

0.3 

-15 

6.  0 

1.8 

Total  input  power  at  nominal  line  voltage  and 
frequency  (120  VAC,  60Hz)  is  600  watts.  Input  current  is 
6.6  amps.  The  power  factor  is  0.75. 

In  addition,  the  power  supplies  will  operate 
satisfactorily  with  primary  AC  power  from  generator  sets 
with  characteristics  of  Type  I and  II,  Class  1 and  2 and 
Mode  I and  III  per  MIL-STD-1332.  Regarding  the  30  percent, 
4-second  recovery  rise,  and  40  percent,  5-second  recovery 
dip  transients  for  Utility  (Class  2)  generators,  the  MDTS 
and  associated  power  supplies  will  survive  these  transients 
without  damage,  but  may  not  provide  normal  operation  during 
the  dip  transient. 

The  MDTS  design  utilized  off-the-shelf  power 
supplies  which  were  readily  available,  previously  tested  to 
many  of  the  MIL-Spec  if  ications,  and  relatively  inexpensive. 
By  providing  a customized  power  supply,  the  size  and  weight 
can  be  greatly  reduced,  and  the  efficiency  can  be  greatly 
increased . 

Physical  Description 

All  of  the  elements  of  the  MDTS  are  contained  in  a 
custom  designed  closed  rack  as  shown  in  Figure  55  and  56. 
Physical  details  of  the  rack  are  specified  in  Figure  57. 

The  unit  can  be  broken  down  into  basic  sections  namely: 
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a . Rack 

b.  Blower  Assembly 

c.  Nest  Assembly 

d.  Power  Monitor  Panel 

e.  Power  Supply  Assembly 

f.  Control/Maintenance  Panel 

g.  I/O  Assembly 

h.  Intra-Rack  Cabling. 

Rack 


The  rack  is  totally  constructed  of  aluminum.  A 
hinged  front  door  is  provided  to  gain  access  into  the 
printed  circuit  card  nest  and  power  supply  assemblies.  The 
door  as  well  as  openings  for  panels  and  blower  is  fitted 
with  both  an  EMI  gasket  and  a dust  gasket.  The  door 
utilizes  a heavy  3-point  locking  mechanism  to  ensure  EMI 
integrity.  The  sides  of  the  rack  are  removable  only  from 
the  inside  and  then  are  non-removable  after  the  rack  is 


assembled.  The  rear  panel  is  removable  from  the  outside. 
However,  all  maintenance  accessabil ity  has  been  designed  to 
be  from  the  front,  thus  allowing  the  rack  to  be  permanently 
mounted  directly  against  a rear  wall.  Cooling  air  enters 
from  the  lower  front  through  a removable  air  filter  rising 
through  the  nest  and  power  supply  heat  sinks,  and  exiting 
through  the  top  rear.  The  four-inch  high  fork  lift  base 
plate  is  removable  to  reduce  the  height  of  the  modem  for 
ease  of  installation  in  an  S-280  shelter.  The  assembled 


unit  is  painted  with  a semi-gloss,  light  gray  enamel  in 
accordance  with  Federal  Specification  TT-E-529,  color  No. 
26250,  in  accordance  with  FED-STD-595. 


BLOWER  ASSEMBLY 


The  blower  assembly  is  a Kooltronic, 
KPRC729C  (modified).  The  blower  is  removable 
front.  Wiring  is  sufficiently  long  so  that 
connection/disconnection  can  be  made  with  the 
from  the  rack. 


Inc.  Model  No. 
from  the 

blower  removed 


NEST  ASSEMBLY 

The  nest  assembly  less  the  connector  backplane  was 
built  from  standard  parts.  The  nest  is  approximately  37 
inches  high,  13  inches  deep  and  19  inches  wide.  The  nest 
will  hold  14  printed  circuit  cards  per  row  times  five  rows 
for  a total  of  70  locations.  The  present  configuration 
utilizes  60  printed  circuit  cards  and  two  extender  cards. 
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Figure  55.  MDTS  (Front  Door  Open)  Figure  56.  MDTS  (Nest  Open) 
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Figure  57.  MDTS  Rack  Mounting  Requirements 


One  additional  location  is  occupied  by  an  oversize  card. 

Thus  seven  spare  card  slots  are  available  with  expansion  to 
nine  if  the  extender  cards  are  removed.  The  card  locations 
are  shown  in  Figure  58.  The  card  location  pitch  is  1 inch 
for  digital  cards  which  are  located  in  the  first  seven 
columns  from  the  left  and  1 3/8  inches  for  shielded  cards 
(generally  operating  at  70  MHz)  which  are  located  in  columns 
8 through  14.  The  basic  printed  circuit  card  is  5 1/2 
inches  x 10  inches.  A typical  digital  and  RF  card  are  shown 
in  Figures  59  and  60. 

The  back  plane  is  electrically  isolated  from  the 
main  frame  in  order  to  provide  single  point  grounding  at  the 
Power  Monitor  Panel.  All  cards  are  grounded  to  wire  wrap 
pins  located  near  the  individual  connectors.  The  +5,  +15, 
and  -15  volts  are  bussed  along  each  row  by  means  of  a 
multilayer  voltage  bus.  The  -5  and  +24  volts  are 
distributed  by  wire  wrap.  All  electrical  connections  are 
made  by  wire  wrap  or  double  shielded  50  ohm  RF  cables. 

The  uppermost  section  of  the  nest  contains  the  Power 
Monitor  Panel  which  is  discussed  below. 


POWER  MONITOR  PANEL  ASSEMBLY 


The  Power  Monitor  Panel  Assembly  contains  the  AC  and 
DC  power  monitoring  and  adjustments,  individual  DC  circuit 
breakers,  a blower  circuit  breaker,  elapse  time  meter  and 
S/N  meter  calibration  switch  on  the  front  panel.  In  addition 
the  overvoltage  protection  devices  for  the  series  regulated 
power  supplies  (+24,  +15,  and  -15  VDC)  are  located  within 
the  unit.  The  back  panel  provides  a means  of  termination 
and  distribution  of  AC  and  DC  power  to  and  from  the  power 
supplies  and  to  the  nest  back  plane.  The  entire  unit  is 
removable  from  the  nest  assembly  by  disconnecting  all  the  AC 
and  DC  lines  terminated  on  screwdriver  type  terminal  boards. 


POWER  SUPPLY  ASSEMBLY 


The  power  supply  assembly  is  a simple  structure  made 
primarily  of  extruded  angle  aluminum.  It  is  fitted  with 
slides  allowing  it  to  move  from  the  back  to  the  front  of  the 
rack.  The  nest  is  hinged  to  the  left  front  of  the  power 
supply  assembly  for  maintenance  in  the  closed  position.  The 
right  side  of  the  nest  and  power  supply  assembly  are  held 
together  with  five  screws.  The  power  supply  assembly 
provides  mounting  for  the  five  power  supply  modules.  Each 
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module  is  supplied  with  a "pigtail"  terminated  on  a screw 
type  terminal  block.  Thus,  power  supplies  are  readily 
replaced  by  removing  four  bolts  which  hold  the  units  to  the 
structure  and  disconnecting  seven  electrical  connections. 


OPERATIONAL/TEST  PANEL 


The  Operational/Test  Panel  contains  all  operational 
and  maintenance  controls  and  indicators  required  to  operate 
the  modem.  These  functions  are  available  from  the  front  of 
the  rack  with  the  door  closed.  The  rear  of  the  panel  can  be 
accessed  easily  by  removing  the  front  panel  screws  and 
turning  the  panel  down  90  degrees.  The  panel  can  be 
completely  removed  by  disconnecting  one  multipin  connector 
and  removing  five  AC  wires  from  a screw  type  terminal  board. 
All  components  on  the  panel  are  supplied  or  fitted  with  EMI 
gasketing . 


I/O  ASSEMBLY 

The  I/O  assembly  located  at  the  top  of  the  rack  is 
the  removable  top  rack  panel  which  has  associated  with  it 
the  exhaust  air  filter,  22  TNC  video  and  IF  connectors,  one 
power  connector,  one  multipin  monitor  connector,  and  the 
power  line  input  filters.  All  connectors  have  dust  covers 
permanently  attached  by  chains  and  are  mounted  with  EMI 
gasketing . 

INTRA-RACK  CABLING 


The  intra-rack  cables  consist  of  22  video  and  IF 
cables  from  the  I/O  Panel  to  the  nest/power  supply  assembly 
and  two  multiwire  cables  from  the  nest  to  the 
Operational/Maintenance  Panel  and  the  I/O  Panel.  The  only 
other  intra-rack  wiring  is  blower  power  and  AC  power  from 
the  I/O  Panel  (line  filter)  to  the  Operational/Maintenance 
Panel . 
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SECTION  7 

CONCLUSIONS  AND  RECOMMENDATIONS 


GENERAL 

The  primary  objective  of  the  MDTS  program  was  to 
design,  develop  and  fabricate  a modem  to  convert  the  DCS 
from  analog  to  digital  operation  at  megabit  rates.  This  was 
accomplished.  The  specified  performance  was  demonstrated  by 
simulation  on  8 Engineering  Development  Models  and  was 
further  demonstrated  during  three  months  of  field  testing  on 
the  Youngstown-Ver ona , N.Y.  test  range.  Additionally,  it  was 
demonstrated  that  the  MDTS  could  operate  in  the  presence  of 
aircraft  in  the  common  volume.  The  Adaptive  Feedback 
Equalization  technique  was  shown  to  be  a most  desirable 
method  of  meeting  the  requirements  of  the  USAECOM 
specification  EL-CP0144-0001B. 

Conclusions  and  recommendations  are  now  made 
pertaining  to  the  following  areas: 

a.  Breadboard  Modifications 

b.  Factory  Tests 

c.  Performance  Tests 

d.  CONUS  Tests 

e . Rel iab il ity 

f.  BITE 

g.  Parts  and  Processes 

h.  Hardware  Packaging 

i.  Performance  Improvement 

j.  AN/GRC-143  Test  Program. 

Breadboard  Modifications 

The  MDTS  dual  diversity  breadboard  was  tested  by 
RADC  at  Rome,  N.Y.  using  their  Quad  Space  Diversity  Test 
Simulator  (QSDS).  As  part  of  this  test  series  the  modem  was 
operated  in  a non-diversity  mode.  In  this  mode  the  BER 
performance  was  found  to  limit  at  BER  values  greater  than 
expected,  particularly  at  large  values  of  Doppler  spread 
(5-10  Hz).  It  was  subsequently  found  that  this  condition  was 
caused  by  insufficient  dynamic  range  and  non-optimum  loop 
time  constants.  The  breadboard  was  modified  to  increase  the 
dynamic  range  and  several  loop  time  constants  were  altered. 
The  modem  was  then  retested  showing  an  improvement  of  many 
orders  of  magnitude  in  BER  Performance.  These  changes  were 
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not  incorporated  into  the  Engineering  Development  Models 
because  they  were  not  necessary  for  quad  diversity 
operation.  Additionally,  cost  and  schedule  would  not  permit 
their  incorporation  at  that  time. 

These  tests  clearly  demonstrated  that  the  decision  feedback 

equalizer  could  also  be  applied  to  low  data  rate 

(<  3 Mb/s)  tactical  operations  with  excellent  results. 

GTE  Sylvania  has  recommended  that  further  analysis 
be  done  in  that  area  and  the  results  of  this  analysis  be 
incorporated  into  only  future  production.  At  the  present 
time,  GTE  Sylvania  is  under  contract  to  design,  build,  and 
retrofit  four  of  eight  modems  prior  to  OCONUS  tests 
presently  scheduled  for  January,  1977  as  part  of  a 
Performance  Improvement  Task  (PIT).  This  work  is  scheduled 
to  be  completed  by  mid-September  1976. 

Factory  Tests 

The  MDTS  factory  tests  results  are  summarized  below: 


b. 


c . 


Environmental  tests  - The  MDTS  successfully 
passed  the  sand  and  dust,  fungus,  shock, 
vibration  and  altitude  tests  without  any 
visible  degradation  in  performance.  Some 
performance  problems  were  encountered  at  the 
extreme  limits  of  the  temperature  tests. 
However,  no  permanent  damage  was  detected 
after  the  system  was  returned  to  room 
temperature.  The  humidity  tests  resulted  in 
some  connector  problems  due  to  minor  corrosion 
as  well  as  some  deformation  of  plastic  parts. 

EMI  tests  - The  MDTS  conformed  to  the 
specified  EMI  standards. 


Operational  Reliability  - MTBF  of  2500  hours 
exceeded . 


d . 


Maintainability  - Mct  and  Macxt  specifications 
were  met. 


Human  engineering  - The  MDTS  was  found  to  be 
suitably  operable. 
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Performance  Tests 


The  simulated  performance  test  results  agreed  quite 
favorably  with  the  theoretical  performance  predictions 
derived  from  analytic  models  and  clearly  demonstrate  the 
multipath  handling  capability  derived  from  the  Adaptive 
Equalization  Technique,  and  the  bandwidth  efficiency  of  the 
MDTS  4-PSK  system.  The  calculated  and  measured  data 
compares  well  at  all  data  rates  except  for  extreme  multipath 
conditions  under  dual  diversity  operation.  The  poorer  dual 
diversity  performance  under  extreme  multipath  conditions  was 
probably  due  to  incomplete  removal  of  past  intersymbol 
interference  resulting  from  insufficient  dynamic  range  in 
the  backward  filter  or  saturation  effects  in  the  forward 
filter.  The  mathematical  model  assumed  total  removal  of 
intersymbol  interference  and  infinite  dynamic  range  in  the 
forward  filter.  These  problems  are  currently  being  addressed 
under  an  awarded  performance  improvement  task  (PIT).  A 
considerable  amount  of  data  was  taken  for  extremely  long  DCA 
links  with  severe  multipath  profiles.  The  data  showed  the 
modem  performed  satisfactorily  over  these  links  within  the 
performance  limitations  set  by  the  three  tap  forward  filter 
and  backward  filter  dynamic  range. 

CONUS  Tests 

The  series  of  tests  conducted  over  the 
Youngstown-Verona,  N.Y.  test  range  demonstrated  the  ability 
of  the  MDTS  to  operate  successfully  over  an  actual 
troposcatter  link.  The  collected  data  were  shown  to  compare 
very  well  with  calculated  results.  In  addition,  it  was 
demonstrated  that  the  MDTS  can  operate  in  the  presence  of 
aircraft  in  the  common  volume.  Bit  synchronization  was  lost 
only  infrequently  and  then  only  under  severe  multipath 
situations  or  poor  signal  to  noise  ratios  where  the  BER  was 
greater  than  10“^.  A system  test  of  the  MDTS,  AN/GSC-24  and 
TD-968  multiplexers  on  the  test  link  verified  the  capability 
of  the  modem  in  a digital  transmission  system  equivalent  to 
that  used  on  the  DCS. 

Rel  iabil  ity 

Specification  EL-CP01 44-001B  required  that  the  modem 
have  an  MTBF  of  2500  hours  when  operated  at  an  ambient 
operating  temperature  of  25  degrees  C + 5 degrees  C,  fixed 
ground  ,-nv ironment , continuous  duty  cycle.  The  calculated 
MTBF  at  40  degrees  C is  2529  hours  for  a dual  diversity 
modem.  The  16,000-hour  reliability  demonstration  showed  a 
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quad  diversity  modem  having  2677  hours  MTBF . There  are 
design  changes  that  would  be  economically  feasible  in 
production  which  could  substantially  increase  the  MTBF. 

These  changes  are  being  addressed  as  part  of  the  Performance 
Improvement  task. 

BITE 


The  bu i 1 1- in- test-equ ipment  (BITE),  as  presently 
configured,  seems  to  be  quite  effective  in  detecting  faults 
in  either  the  on-line  or  off-line  modes.  A successful 
maintainability  demonstration  was  run  using  the  BITE  for 
fault  isolation  and  all  MTTR  requirements  were  met.  However, 
several  areas  for  improving  BITE  performance  exist  and 
should  be  evaluated.  These  include: 

a.  Re-evaluation  of  the  on-line  BITE  scan 
sequence  - The  order  in  which  the  cards  are 
scanned  could  be  revised  to  decrease  the 
probability  of  displaying  a fault  indication 
resulting  from  a fault  on  a card  other  than 
the  one  displayed  on  the  fault  module 
indicators.  The  revision  could  be  accomplished 
with  some  simple  back  plane  wiring  changes. 

b.  Advance  function  - The  on-line  BITE  contains  a 
function  that  allows  the  operator  to  advance 
the  scanner  to  the  next  detectable  fault  by 
pressing  the  ADVANCE  button  on  the  control 
panel.  To  date,  the  use  of  this  function  as  an 
added  diagnostic  aid  has  not  been  investigated 
in  any  detail.  Further  investigation  in  this 
area  could  lead  to  improvements  in  on-line 
fault  detection  capability. 

c.  Off-line  test  duration  - At  present,  each 
off-line  test  takes  20  seconds  to  run.  This 
duration  is  based  on  the  test  requiring  the 
longest  time  to  run.  Selecting  this  duration 
to  run  all  tests  simplified  off-line  BITE 
circuit  design.  However,  many  of  the  tests 
could  be  run  in  a much  shorter  period. 
Modifying  the  off-line  BITE  timing  to  optimize 
individual  test  durations  should  be  studied  Lo 
see  if  test  durations  can  be  reduced. 
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d.  A test  re-evaluation  - The  forward  equalizer 
tests  (off-line  tests  6, 7, 8, 9)  should  be 
reviewed.  Re-design  in  this  area  could  make 
the  four  tests  more  effective  in  isolating  a 
fault  to  a particular  AFE  card. 

e.  Off-line  test  automation  - The  off-line  test 
procedure  could  be  automated  to  simplify 
operation  and  reduce  operator  attendance 
requirements . 
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Parts  and  Processes 


During  the  fabrication,  assembly  and  test  phases  of 
the  program,  some  parts  and  processes  were  found  to  be  less 
than  desirable  from  either  a reliability  or  a 
manufacturability  consideration.  The  following  are  items 
that  should  be  changed  prior  to  any  follow-on  production. 

a.  RF  Connector , GTE  Sylvania  Part  No.  72-509792 
- 1 and  2 - This  RF  Connector  set  used  on  the 
RF  printed  circuit  cards  was  found  to  have  an 
unreliable  ground  connection.  The  parts  are 
manufactured  by  Cannon  Electric  Co. 
(DM53740-5001  and  DM 53 74 2-5001 ) and  others. 

The  apparent  problem  is  due  to  tolerances 
between  mating  pairs  and  ground  spring  tension 
of  the  socket.  It  is  recommended  that  a 
replacement  connector  be  investigated  before 
further  production. 

b.  Summers  and  Splitters,  GTE  Sylvania  Part  No. 
03-510237-1  and  03-510238-1  - These  units  were 
designed  with  connector  centerline  spacing 
which  was  too  small  for  some  TNC  connector 
manufacturers.  The  spacing  should  be  enlarged 
slightly  to  allow  the  use  on  any  qualified  TNC 
connector  manufacturer. 

c.  RF  Cables,  GTE  Sylvania  Part  No.  09-592887  - 
Some  of  these  interconnecting  cables  in  the 
nest  should  be  lengthened  to  provide  easier 
assembly  and  reduce  bend  radii. 

d.  Indicator  Lamps  - The  use  of  LED  indicator 
lamps  should  be  allowed  to  reduce  the  current 
drain  in  the  power  supplies,  improve 
reliability,  and  reduce  heat  loss. 

e.  Captive  Nuts  - The  captive  nuts  supplied  by 
the  rack  manufacturer  should  be  replaced  by 
more  reliable  units. 

f.  Power  Supplies,  GTE  Sylvania  Part  No. 
28-509917-1  and  2 and  28-509919-1  and  2 and 
associated  overvoltage  protector  - For  reasons 
of  cost,  the  power  supplies  were  high  quality 
off-the-shelf  sealed  units  with  relatively  low 
efficiency.  These  units  could  be  replaced  by  a 
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single  replaceable  module  with  much  greater 
efficiency  if  the  non-recurring  costs  are 
prorated  over  production  quantities.  Such  a 
change  would  also  eliminate  some  of  the 
circuit  breakers.  A single  power  supply  module 
would  greatly  increase  reliability  (MTBF)  by 
virtue  of  fewer  electrical  components  and  MTTR 
would  be  decreased  since  only  replaceable 
cards  need  be  changed  in  most  instances 
instead  of  the  entire  sealed  power  supply.  A 
major  size  and  weight  reduction  would  also  be 
ga ined . 


Hardware  Packaging 

The  racks  in  which  the  MDTS  is  presently  packaged 
was  chosen  to  minimize  cost  and  allow  room  for  expansion. 
This  was  an  engineering  development  program.  The 
possibility  of  change  due  to  changes  in  equalizer  algorithms 
and  to  a better  understanding  of  the  implementation 
requirements  on  the  program  suggested  that  allowances  be 
made  for  expansion.  In  addition,  the  strategic  troposcatter 
requirements  changed  and  at  this  time  are  still  somewhat 
fluid.  With  the  package  as  shown  one  could  easily  adapt  to 
changes  and,  in  fact,  most  future  changes  can  be  easily 
retrofitted  into  the  existing  units. 


The  MDTS  specification  required  that  good  design 
practices  be  used  to  minimize  weight  and  size  without 
specific  limits.  This  was  accomplished. 


For  new  procurements,  the  rack  structure  can  be 
replaced  by  a single  15  3/4  inch  high  relay  rack  mounted 
assembly  with  a separate  7 inch  power  supply  drawer.  A dual 
diversity  modem  could  have  the  power  supply  located  within 
the  14  inch  high  modem.  Packaging  density  would  be  somewhat 
dependent  on  the  number  of  data  rates,  complexity  of 
interfaces  and  complexity  of  BITE  and  Quality  Monitors  in 
any  future  requirement. 
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Performance  Improvement  Task 

As  with  any  techniques  program  such  as  MDTS  there 
are  a certain  number  of  improvements,  either  performance  or 
cost,  that  can  be  made  as  a result  of  the  test  programs.  GTE 
SylvanLa  has  been  under  contract  to  conduct  studies  and 
incorporate  certain  recommendations  into  the  equipment.  This 
effort  is  collectively  called  a Performance  Improvement 
Task.  It  consists  of  two  phases.  Phase  I consists  of  study, 
design,  fabrication,  assembly  and  test  tasks  that  result  in 
the  delivery  of  four  improved  MDTS  modems.  Delivery  of  these 
modified  units  is  time-phased  to  the  requirements  of  the 
OCONUS  Test  Program  scheduled  for  January,  1977.  Phase  II 
is  a nine-month  study  to  reduce  cost  and  provide  design 
recommendation  based  on  future  operational  requirements. 
Phase  II  is  to  be  completed  by  July  1977. 

These  tasks  are  summarized  below. 

Task  1-1  - Doppler  spread  and  dynamic  range  study  - 
These  are  analytical  studies  to  verify 
and  detail  the  design  parameters  based 
on  the  work  done  on  the  breadboard 
during  the  Breadboard  Tests  at  RADC , 
Rome,  N.y.  This  task  is  complete. 

Task  1-2  - This  task  consists  of  implementing 

changes  as  a result  of  Task  1-1  into 
four  of  the  eight  modems.  This  task 
includes  changes  to  the  IF  Amplifier  to 
incorporate  a 1/4  baud  matched  filter  at 
70  MHz,  changes  in  the  dynamics  of  both 
the  forward  and  backward  filters,  and 
gain  changes  in  the  baseband  finite 
integrator  . 

Task  1-3  - Improve  the  AGC  tracking  and 

manufacturability  of  the  IF  amplifiers. 
With  the  increasing  availability  of 
hybrid  microwave  amplifiers  and 
attenuators,  it  has  become  desirable  to 
change  the  design  of  this  IF  amplifier 
to  simplify  test  and  check-out  and 
obtain  improved  performance 
characteristics,  in  particular,  AGC 
tracking  between  amplifiers. 


156 


Task  II-l  - Study  the  effect  on  cost  to  reduce  the 
environmental  requirements  to  be  more 
consistent  to  intended  usage. 

Task  II-2  - Evaluate  the  selection  and  use  of 

components  on  cost  and  reliability  in 
production  quantities. 

Task  II-3  - Study  and  propose  an  MDTS  implementation 
that  would  be  required  to  meet 
Mean-T ime-Be tween-Outages  (MTBO)  of 
2 5,000,  50,000  and  100,000  hours. 


Task  II-4  - Conduct  a trade-off  study  to  evaluate 
the  usefulness  of  BITE  compared  to  the 
added  cost  and  complexity  in  various 
operational  situations. 


AN/GRC-143  Test  Program 


The  test  program  and  test  results  discussed  in 
Appendix  A show  conclusively  that  the  MDTS  with  adaptive 
decision  feedback  equalization  can  be  used  to  upgrade  the 
performance  of  existing  AN/GRC-143  radio  equipment  in  both 
performance  and  data  rate  capability  for  tactical 
troposcatter  communications. 


i 


I 
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APPENDIX  A 

FIELD  TESTING  OF  THE  MDTS  BREADBOARD 
WITH  THE  AN/GRC-143  RADIO  EQUIPMENT 


I 
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Abstract 


conducted  to  quantitatively 
Army  tactical  troposcatter 
interfaced  with  breadboard 


A field  test  program  was 
determine  the  performance  of  the 
radio  equipment,  AN/GRC-143  when 
model  of  the  Megabit  Digital  Troposcatter  Subsystem  ( MDTS ) . 
The  MDTS  increased  the  bit  rate  capability  of  the  AN/GRC-143 
from  1 Mb/s  to  3 Mb/s.  This  report  contains  Bit  Error  Rate 
(BER)  and  received  signal  level  information  gathered  from 
operational  tests  conducted  over  the  Army's  Tobyhanna  Army 
Depot  to  Fort  Monmouth,  NJ  troposcatter  test  path.  The 
tests  are  described  in  detail  and  the  test  results  are 
presented . 


Purpose 

This  field  test  program  was  conducted  by  Comm/ADP 
Laboratory,  (CADPL)  in  support  of  Project  Manager  (PM)  - 
MSCS.  The  purpose  of  the  program  was  three-fold. 

a.  Demonstration  of  the  feasibility  of 
interfacing  the  MDTS,  with  the  Army  tactical 
troposcatter  radio  equipment,  AN/GRC-143. 

b.  Demonstration  of  the  capability  of  extending 
the  data  rate  of  the  AN/GRC-143  from  nominally 
1 Mb/s  to  3 Mb/s. 

c.  Determination  of  expected  tactical  Bit  Error 
Rate  (BER)  performance  over  an  actual 
troposcatter  link  utilizing  approximtely 
TRI-TAC  data  rates. 


Description 
. Path 

The  troposcatter  test  path  used  for  this 
program  was  located  between  Tobyhanna  Army  Depot,  Tobyhanna, 
Pennsylvania  and  the  Hexagon  Building,  Fort  Monmouth,  New 
Jersey;  a distance  of  approximately  94  statute  miles  over 
relatively  hilly  terrain.  The  path  profile  for  this  test 
link  is  shown  in  Figure  61  and  indicates  a scatter  angle  of 
0.67  degrees.  In  the  testing,  the  link  was  operated  with 
the  transmitting  site  located  at  Tobyhanna  and  the  receive 
site  located  in  the  Hexagon  building. 
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(4/3  EARTH  RADIUS  USED  TO  CORRECT  FOR  STANDARD  ATMOSPHERE  REFRACTION) 
ELEVATION  INCLUDES  MAST  HEIGHT  -TOBYHANNA  80  FT.  - HEXAGON  35  FT. 


▼ 


Radio  Equipment  Description 

The  radio  equipment  utilized  during  the  test  program 
was  the  AN/GRC-143  Army  tactical  troposcatter  radio 
equipment.  The  AN/GRC-143  in  standard  form  uses  binary  FM 
modulation  of  PCM  data  obtained  from  a TD-352/U  or  TD-660/U 
multiplexer.  In  the  12-PCM  voice  channel  mode  of  operation, 
the  throughput  data  rate  is  576  Kb/s  and  for  24  PCM  voice 
channel  operation,  the  throughput  rate  is  1.152  Mb/s.  The 
nominal  range  of  the  radio  equipment  (which  utilizes  a 1 kW 
klystron  Dower  amplifier)  is  100  miles  for  12-^hannel  PCM 
operation  and  80  miles  for  24  channel  PCM  operation.  The 
basic  radio  set  consists  of  three  equipment  racks.  They  are 
the  transmitter,  the  dual  receiver  and  the  1-kW  klystron 
power  amplifier.  The  radio  set  operated  in  the  4.4  to  5.0 
GHz  frequency  range. 

Transmitter  Interface 


The  MOTS  breadboard  interfaces  with  the  AN/GRC-143 
transmitter  at  the  mi xe r /upconve r te r stage  as  shown  in 
Figure  62.  The  MOTS  breadboard  has  a 70-MHz  QPSK  modulated 
output  for  interface  with  radio  equipment.  The  AN/GRC-143 
transmitter  uses  a 150-MHz  mixer  amplifier  to  introduce 
modulated  information  to  the  carrier.  This  interface 
problem  was  solved  by  replacing  the  150-MHz  mixer  with  a 
70-MHz  mixer.  However,  the  MOTS  can  easily  be  modified  to 
utilize  a 150-MHz  transmit  IF  to  eliminate  this  interface 
problem  and  retain  the  standard  GRC-143  transmitter.  The 
mi xe r/upconver ter  translates  the  QPSK  modulated  70-MHz 
signal  up  to  the  4.4  - 5.0  GHz  band  by  mixing  with  the  local 
oscillator  output.  The  C band  output  of  the  mixer  is 
amplified  and  bandpass  filtered.  The  signal  is  then  sent  to 
the  1-kW  klystron  power  amplifier  and  antenna. 

Receiver  Interface 


The  MDTS  breadboard  interfaced  with  the  AN/GRC-143 
dual  diversity  receiver  at  the  70-MHz  output  of  the  mixer/ 
amplifier  stage  as  shown  in  Figure  63.  There  is 
approximately  40  dB  of  gain  between  the  waveguide  input  of 
the  AN/GRC- 141  preselector  bandpass  filter  and  the  70-MHz 
output  of  the  mixer /ampl  if ier . Thus  with  receive  signals 
from  -100  dBm  to  -60  dBm  (typically  seen  during  the  field 
tests)  the  MDTS  70-MHz  input  signals  varied  from  -60  to  -20 
dBm. 


/ 
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Figure  62.  MDTS  Interface  Diagram  Transmitter 
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Instrumentation 


The  instrumentation  and  equipment  block  diagram  for 
average  receive  signal  level,  RSL,  and  average  bit  error 
rate,  BER,  measurements  are  shown  in  Figure  64.  The  70-MHz 
output  of  each  receiver  in  the  AN/GRC-143  are  coupled 
together  through  15-dB  directional  couplers.  This  combined 
signal  is  sent  to  a log  linear  amplifier  (LLA)  and  detector. 
The  DC  voltage  output  from  the  detector  is  a function  of  RSL 
and  is  used  as  the  frequency  control  voltage  for  a voltage 
controlled  oscillator  (VCO) . The  output  frequency  of  the 
VCO  is  counted  on  a digital  counter  for  10-second  periods 
and  is  printed  by  a digital  printer.  These  10-second 
printouts  are  then  arithmetically  averaged  for  the  20-minute 
run  and  the  RSL  corresponding  to  that  frequency  is  read  off 
a calibration  chart. 

A second  LLA  provides  a DC  voltage  proportional  to 
RSL  for  a strip  chart  recorder.  The  strip  chart  is  used  to 
document  the  tropo  channel  behavior  such  as  fade  rate,  fade 
depth  and  aircraft  in  the  common  volume. 

Data  Collection  Procedure 

Tests  were  conducted  on  a one  way  troposcatter  radio 
circuit  operating  at  an  RF  frequency  of  4800-MHz  with  the 
transmitting  site  located  at  Tobyhanna  Army  Depot, 

Tobyhanna,  Pennsylvania.  The  receiving  site  and 
instrumentation  were  located  in  the  Hexagon  Building  at  Fort 
Monmouth,  N.J.  Data  was  collected  from  26  February  1976  to 
6 April  1976,  each  data  test  having  a minimum  duration  of  20 
mi nu tes . 


A system  warm-up  time  of  thirty  (30)  minutes  was 
reouired  to  insure  stability  of  both  the  RF  equipment  and 
test  instrumentation.  After  the  required  warm-up  period, 
the  received  signal  level  recording  oscillator  and  the  strip 
chart  recorder  were  calibrated  through  the  AN/GPC-143 
receivers.  A coaxial  power  divider  was  used  at  the  output 
of  a Hewlett  Packard  model  618B  signal  generator  to  enable 
simultaneous  calibration  of  both  receivers  on  the  strip 
chart  recorder. 

After  calibration,  the  data  correlator  used  to 
determine  bit  error  rate  was  initiated  and  synchronized  with 
the  incoming  pseudo  random  data  stream.  Errors  were  counted 
and  accumulated  on  the  average  BER  error  counter. 
Simultaneously,  the  received  signal  level  information  was 
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Figure  64.  Data  Collection  Instrumentation 
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recorded  on  both  the  Sanborn  Strip  Chart  recorder  for  a 
visual  display  of  the  data  and  on  a frequency  deviation 
counter  with  10-second  printouts  to  obtain  a quantitative 
measure  of  the  received  signal  level  average. 

Data  Reduction 

The  data  collected  was  reduced  in  two  steps.  First, 
the  average  frequency  count  of  the  deviated  oscillators  was 
calculated  from  the  digital  counter  printouts.  This  average 
frequency  count  was  then  converted  to  an  equivalent  average 
received  signal  level  (RSL)  by  comparison  to  a calibration 
curve.  Secondly,  the  total  number  of  bit  errors  was  divided 
by  the  total  number  of  bits  sent  during  the  data  test  thus 
yielding  the  average  bit  error  rate  for  that  run.  The  bit 
error  rate  versus  received  signal  level  for  that  run  are 
then  plotted  on  a graph  as  a sample  point.  The  composite  of 
all  the  reduced  data  points  yields  the  bit  error  rate 
performance  of  the  MDTS  and  is  compared  to  the  theoretical 
limits. 


Test  Results 


The  reduced  data  for  dual  diversity  reception  is 
depicted  in  Figure  65.  Data  was  collected  at  3.088  Mb/s  and 
each  point  represents  a minimum  20-minute  data  run.  It  can 
clearly  be  seen  that  the  resultant  BER  performance 
approaches  theoretical  limits  and  that  its  performance 
exceeds  any  previously  recorded  tactical  data  collected  over 
an  operational  link.  This  previously  collected  test  data 
indicated  the  occurrence  of  an  irreducible  error  rate  at 
approximately  10-5  for  1-Mb/s  transmission  over  paths  of  100 
miles.  The  reduced  data  in  Figure  65  clearly  shows 
operation  to  10-8  at  3-Mb/s  transmission  without  indication 
of  an  irreducible  error  rate.  The  results  are  that  higher 
data  rates  can  be  employed  with  satisfactory  performance 
requirements  being  met. 

Additionally,  non-diversity  tests  were  performed  and 
the  results  are  shown  in  Figure  66.  Again  theoretical 
limits  are  approached.  It  should  be  noted  that  the  expected 
degradation  of  performance  occurred  when  going  from  dual  to 
single  channel  operation.  Of  prime  importance  is  the  fact 
that  during  the  entire  test  program,  loss  of  synchronization 
did  not  occur. 
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Figure  66.  MDTS  Breadboard  Field  Test  Data 
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Conclusions 


The  purpose  of  the  test  program  conducted  over  the 
tactical  troposcatter  test  link  by  CADPL  in  support  of 
PM-MSCS  was  comple  jly  fulfilled.  The  feasibility  of 
extending  the  data  rate  capability  of  the  AN/GRC-143  from 
its  present  limitation  of  576  Kb/s  at  100  miles  and  1 Mb/s 
at  80  miles  to  at  least  3 Mb/s  has  been  clearly 
demonstrated.  Thus  with  the  MDTS  modem,  the  AN/GRC-143  can 
easily  meet  the  2.048-Mb/s  bit  rate  requirement  of  TRI-TAC 
or  the  2.3-Mb/s  signals  of  ATACS.  All  data  tests  were 
conducted  at  3.088-Mb/s  throughput  data  rate  over  the 
nominal  100-mile  troposcatter  test  link.  The  test  results 
clearly  show  that  satisfactory  performance  at  bit  rates  in 
excess  of  the  current  2.3  megabit  requirement  can  be 
obtained  utilizing  the  MDTS  modem. 


* 


4 


172 


APPENDIX  B 

QUADRUPLE  SPACE  DIVERSITY  TEST  SIMULATOR 

(QSDTS) 
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QUADRUPLE  SPACE  DIVERSITY  TEST  SIMULATOR 


GENERAL 


The  Quadruple  Space  Diversity  Test  Simulator  (QSDTS) 
provides  accurate  and  repeatable  simulation  of  multipath 
effects  over  a range  of  signal  to  noise  ratios  typical  of 
troposcatter  communications  links.  This  versatile 
laboratory  instrument  is  the  Signatron  Model  S-139C.  Figure 
67  is  a photograph  of  the  unit.  The  Simulator  is  designed 
to  be  used  between  modem  equipment  operating  at  an  IF 
frequency  of  70  MHz  and  having  a signal  bandwidth  up  to  15 
MHz. 


The  S-139C  simulator  generates  four  complex 
statistically  independent  multipath  signal  channels 
representative  of  the  four  diversity  channels  encountered  in 
quad  diversity  troposcatter  communication  systems.  Each 
multipath  channel  is  composed  of  sixteen  statistically 
independent  channels  having  a total  delay  spread  of  1.0 
microsecond  and  a relative  amplitude  adjustable  over  a 60-dB 
range. 


The  rms  bandwidth  of  the  multipath  channel  phase  and 
gain  variations  (fading  rate)  are  adjustable  as  ate  the 
levels  of  each  diversity  output. 

The  "noise”  voltages  used  to  cause  the  random  gain 
and  phase  fluctuations  of  the  multipath  channels  are 
generated  digitally.  As  a result  they  can  be  stopped  or 
"frozen"  or  reset  to  a known  starting  point  so  that  truly 
reproducible  channels  are  simulated. 

The  S-139C  simulator  includes  separate  precision 
thermal  noise  sources  on  each  diversity  output  to  simulate 
the  additive  noise  effects  of  receiver  front  end  circuits 
and  received  background  noise. 

Additionally,  a built-in  test  system  is  provided  to 
facilitate  rapid  and  accurate  equipment  setup,  calibration, 
and  maintenance. 

TROPOSCATTER  CHANNEL  SIMULATION  THEORY  AND  PARAMETERS 


It  has  been  shown  that  the  troposcatter  channel  can 
be  modeled  as  a linear  time-varying  channel  whose  average 
multipath  properties  are  given  by  the  delay  power  profile  or 
power  impulse  response  while  the  average  fluctuation 
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Figure  68.  QSDTS  Delay  Structure 


properties  are  characterized 
delay  power  profile  may  span 
delay  and  the  Doppler  spread 


by  the  rms  Doppler  spread.  The 
as  much  as  one  microsecond  of 
may  range  from  0.1  to  10  Hz. 


Many  theoretical  studies,  e.g.,  Kailath  (1961)6, 
Stein  (1956) 7,  Bello,  Ehrman,  Crystal  (1967)8,  have  shown 
that  troposcatter  channels  can  be  simulated  by  a tapped 
delay  line  structure  such  as  is  shown  in  Figure  68.  The 
delay  line  is  tapped  at  intervals  of  = 1/W,  where  W is  the 
bandwidth  of  the  input  signal.  The  output  of  tap  n is 
multiplied  by  a complex  Gaussian  random  process,  gn(t), 
which  has  the  correlation  properties 
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where  Q(n/W)  is  the  delay  power  profile  of  the  channel. 

Thus,  the  tap  gains  are  uncorrelated  Gaussian  random 
processes,  with  variances  proportional  to  the  delay  power 
profile  evaluated  at  the  tap  position,  i.e.,  Q(n/W).  The 
simulator  output  is  the  sum  of  all  of  the  multiplier 
outputs.  The  delay  line  tap  spacing  must  be  67  nanoseconds 
to  correctly  simulate  a channel  for  a 15-MHz  bandwidth 
signal.  A 16  tap  design  with  67-nanosecond  spacing  provides 
the  capability  of  simulating  paths  whose  power  impulse 
responses  span  a maximum  of  1.0  microsecond.  In  order  to 
simulate  the  expected  range  of  fade  rates  found  on 
troposcatter  links,  the  rms  Doppler  spread  should  cover  the 
range  0.1  to  10  Hz. 

PERFORMANCE  SPECIFICATIONS 

The  Performance  Specifications  for  the  Signatron 
Quadruple  Space  Diversity  Test  Simulator  Model  S-139C  are 
defined  herein. 

Operating  Modes  Fading,  Frequency  Selective 

Fading,  Flat 

Nonfading,  Frequency  Selective 
Nonfading,  Flat 
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Input 


Modulation 
Center  Frequency 
Signal  Level  Minimum 
Signal  Level  Maximum 
Impedance 

Multipath  Tapped  Delay  Line 
Path  v o U 1 

Signal  Bandwidth  for  v^lid 

simulation 

Number  of  taps 

Delay  between  taps 

Total  delay 

Tap  Modulator  Group 

Number  of  tap  modulator  groups 
Tap  modulators  per  group 
Tap  gain  level  control 

Feedthrough  unbalance 
Modulator  linearity 

Tap  Modulation  Generator 

Number  of  independent 

generators 

RMS  Doppler  Spread 

Modulation  power  spectrum 

Output 

Number  of  independent  diversity 
outputs 

Center  frequency 
Signal  level  (front  panel 
controller  any  single  tap 
modulator  group  operating, 
all  others  off) 

Signal  bandwidth 

Signal -to -equipment- noise 

ratio,  15-MHz  bandwidth, 

Additive  noise  off 

Internal  additive  noise  source 

Impedance 


FM,  PM,  FSK , FDM/FM , PSK,  TDM-FSK/PSK 
70  MHz 
0 dBm 
+ 10  dBm 
50  ohms 


15  MHz  maximum 

16 

67  Nanoseconds 
1 . 0 microsecond 


16 

4 

60-dB  range  in  1-dB  steps  (separate 
on/off  switch) 

35-dB  down  minimum 
2 percent  minimum 


128  (8  for  each  tap  modulator  group) 
Switch  selectable,  0.1,  0.2,  0.5,  1, 
2,  5,  10  Hz 

Second-order  Butterworth 


4 

70  MHz 


-20  dBm  maximum  to  -70  dBm  minimum 
15  MHz  minimum 


45  dB  minimum  at  -30  dBm  output 
-70  dBm/MHz,  factor  set 
50  ohms 
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Bui It- In  Test  Functions 

I on,  Q off 
I off,  Q on 
I on,  Q on 

I off,  Q off  (Balance) 

(Specification  per  General  Microwave  Model 
460b  power  meter,  N240C  power  head) 

70  MHz  CW  and  80  nanoseconds  RF  pulse, 
crystal  controlled 

AC  Power  Input  115  Vac  50-60  cycle,  6.7  amps 

Cabinet  Dimensions  Height  50  inches,  Width  44  inches. 

Depth  30  inches 

Weight  400  lbs. 


Selectable  inputs  to  modulator 

RF  power  measurement 
Internal  test  signal  generator 
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Director 

001 

Fort  Clayton,  Canal  Zone  09827 

Joint  Comm.  Office  (TRI-TAC) 

ATTN:  TT-AD  (Tech.  Docu.  Cent.) 

542 

Commandant 

001 

Fort  Monmouth,  NJ  07703 

US  Army  Field  Artillery 

School 

515 

Project  Manager,  Rembass 

ATTN:  ATSFA-CTD 

ATTN:  DRCPM-RBS 

002 

Fort  Sill,  OK  73503 

002 

Fort  Monmouth,  NJ  07703 

548 

Commander 

516 

Project  Manager,  NAVCON 

Frankford  Arsenal 

ATTN:  DRCPM-NC-TM 

ATTN:  PDS  64-4 

Bldg.  2539 

(J.L.  Helfrich) 

001 

Fort  Monmouth,  NJ  07703 

001 

Philadelphia,  PA  19137 
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DISTRIBUTION  LIST 

554  Commandant 

US  Army  Air  Defense  School 
ATTN:  ATSA-CD-MC 

001  Fort  Bliss,  TX  79916 

555  Commander 

US  Army  Nuclear  Agency 
001  Fort  Bliss,  TX  79916 

563  Commander,  Darcoin 

ATTN:  DRCDE 

5001  Eisenhower  Ave . 

001  Alexandria,  VA  22333 

564  CDR , US  Army  Security  Agency 

ATTN:  IARDA-IT 

Arlington  Hall  Station 

001  Arlington,  VA  22212 

566  CDR,  US  Army  Security  Agency 
ATTN : IARDA-AQ 

Arlington  Hall  Station 

001  Arlington,  VA  22212 

572  Commander 

US  Army  Logistics  Center 
ATTN : ATCL-MC 

002  Fort  Lee,  VA  22801 

575  Commander 

US  Army  Training  & 

Doctrine  Command 
ATTN : ATCD-TEC 

001  Fort  Monroe,  VA  23651 

577  Commander 

US  Army  Training  & 

Doctrine  Command 
ATTN : ATCD-TM 

001  Fort  Monroe,  VA  23651 

578  CDR,  US  Army  Garrison 

Vint  Hill  Farms  Station 
ATTN : IAVAAF 

001  Warrenton,  VA  22186 

602  Director,  Night  Vision  Laboratory 
US  Army  Electronics  Command 
ATTN:  DRSEL-NV-D 

001  Fort  Belvoir,  VA  22060 


- Continued 

603  CDR/DIR,  Atmospheric 
Sciences  Laboratory 
US  Army  Electronics  Command 
ATTN:  DRSEL-BL-SY-S 

White  Sands  Missile  Range, 
001  NM  88002 

605  Chief,  Aviation  Electronics 
DIV  (SIMO) 

US  Army  Electronics  Command 
ATTN:  DRSEL-SI-AE, 

PO  Box  209 

001  St.  Louis,  MO  63166 

606  Chief 

Intel  Material  Dev.  & 

Support  Ofc. 

Electronic  Warfare  Lab,  ECOM 
001  Fort  Meade,  MD  20755 

608  Commander 

US  Army  Electronics  Command 
000  Fort  Monmouth,  NJ  07703 

1 DRSEL-PL-ST 
1 DRSEL-VL-D 
1 DRSEL-PP-I-PI 
1 DRSEL-WL-D 
1 DRSEL-TL-D 
3 DRSEL-CT-D 
1 DRSEL-BL-D 
*3  DRSEL-NL- 

1 DRSEL-NL-  (Ofc  of  Record) 

1 DRSEL-SI-CM 
1 DRSEL-MA-MP 
**2  DRSEL-MS-TI 
1 DRSEL-GG-TD 

1 DRSEL-CG  (Mr.  Doxey) 

2 DRSEL-PA 
1 DRCPM-AA 

1 DRCPM-TDS-SE 
1 USMC-LNO 
1 DRSEI-GS-H 
1 DRSEL-RD 
1 TRADOC-LNO 
25  Originating  Office 

* Or  number  specified  in 
contract.  Add  COTR's 
mail  symbol 

**  Unclassified  reports  only 
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701  MIT  - Lincoln  Laboratory 
ATTN:  Library  (RM  A-082) 

PO  Box  73 

002  Lexington,  MA  02173 

703  NASA  Scientific  & Tech.  Info.  Facility 
Baltimore/Washington  Inti.  Airport 

001  PO  Box  8756,  MD  21240 

705  Advisory  Group  on  Electron  Devices 
201  Varick  Street,  9th  Floor 

002  New  York,  NY  10014 

706  Advisory  Group  on  Electron  Devices 

ATTN:  Secy,  Working  Group  D (Lasers) 

201  Varick  Street 

002  New  York,  NY  10014 

707  TACTEC 

Battelle  Memorial  Institute 
505  King  Avenue 

001  Columbus,  OH  43201 

710  Ketron,  Inc. 

ATTN:  Mr.  Frederick  Leuppert 

1400  Wilson  Blvd,  Architect  Bldg. 

002  Arlington,  VA  22209 

712  R.C.  Hansen,  Inc. 

PO  Box  215 

001  Tarzana,  CA  91356 
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